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ABSTRACT OF THESIS
Title: Public sector investment In the direct development of
urban housing in Sri-Lanka (Ceylon).
1. The purpose of this study is to analyse the role of public sector investment
in housing in Ceylon, with the objective of achieving a solution to the
housing problem.
Since there exists a distinct difference between the urban and rural areas,
the study was narrowed down to the urban sector.
Housing in its entirety covers the residential environment, and hence the
field of analysis was narrowed down to the net residential area, hereafter
called the direct development of housing.
Thus the title of this thesis 'Public sector investment in the direct,
development of urban housing in Ceylon, "
2. This study sets out to answer three basic questions. They aire - (1) should
the public sector invest in the direct development of urban housing in
Ceylon? (2) If the public sector is to invest in the direct development of
urban housing in Ceylon, what should be its objectives ? And (3) how can
these objectives be achieved?
3. In order to answer the three questions posed the study was divided into four
main parts.
Part I is divided into two chapters. Chapter 1 defines terminology a3 will
be understood in this study. This ohapter is of importance in understanding
the subsequent chapters, and in clearing the ambiguity that may exist between
the terms used in this study and in the field of pure economics. Chapter 2
is of vital importance, since it is on this chapter that the rest of the study
is based.
In a mixed economy like Ceylon one is faced with the basic question - can
the private sector achieve the level of Investment both in monetary and
physical terms to provide adequate housing for the population, or is it
necessary for the public sector to step in. The answer follows logically
that if the private sector cannot do it, then the public sector must step in.
Hence the need to develop a method of analysis, which is referred to in
Part II, Chapter 3.
The second part of Chapter 2 deals with the objectives of public sector
investment. Three basic objectives were set out. They were - (1) to
solve the housing problem: (2) to do so at minimum physical costs, and
(3) to maximise economic growth via the investment.
The analysis in this chapter leads to the conclusions that the housing
problem is one of two parts, a physical problem defined by a set of standards,
and a social problem that arises due to the unsuitability of this particular
set of stan ards. Hence solving the housing problem meant defining
standards which were related to the social, economic and cultural values
of the population. The second objective was thus achieved since the
standards defined were the minimum required. However, the costs involved
had to be reduced within the limits of technology. An analysis of the third
objective showed that the maximisation of economic growth in Ceylon via
investment in housing could be achieved by maximising the marginal rate
of employment generation, and minimising the rate of foreign exchange
consumption.
Using this detailed analysis it was thus possible to approach Parts II,
III and IV of the study.
4. Part n is divided into two chapters. In Chapter 3 a method of analysis was
developed, which explained variation in invootmont patterns by the public and
private sectors, both in the urban and rural areas, with reference to
national policy from the year 1967 onwards. Using these trends it was
possible to predict future investment patterns, and thus conclude that public
sector investment was absolutely necessary. The method of analysis developed
should be of immense use for other developing countries, since it is com¬
prehensive and inoludoa the contribution of oolf help housing in achieving tho
national targets set out.
Chapter 4 uses the conclusions drawn in Chapter 3 as a basis on which a
model for financing the direct development of housing both urban and rural
is developed. The conclusion reached showed that by diverting private
sector resources in the form of savings such as compulsory savings, and
provident funds, the level of investment could be achieved, and even the
backlog cleared.
5. Part III of the study is divided into two chapters. Chapter 5 deals with
achieving the objective of maximising economic "growth by maximising
marginal employment generation, and minimising the marginal rate of
foreign exchange consumption. The whole problem is analysed via a
theoretical model, and is then applied to Ceylon.
The main conclusion showed that though aided self help housing may help
in solving the housing problem, it can have detrimental effects on employ¬
ment generation. In Ceylon this can be disastrous where unemployment is
about 15% of the labour force. Hence self help housing should bo used with
great care and is most suitable for areas of high employment, and where the
ratio of housing to income is high.
In Chapter 6 the analysis sets out to define a concept for solving the housing
problem at minimum physical costs. A theoretical analysis baaed on the
principles of costs and benefits showed that if a housing programme is based
on social, economic and cultural oharacteristics of a population, this objective
could be achieved.
The main conclusion was that the concept of "housing need " did not achieve
a solution at minimum physical costs, and thus the concept of "housing
demand" was proposed which formed the basis on which public sector invest¬
ment should view the problem at the urban scale.
6, Part IV uses the concept of demand to achieve the objectives at the urban
scale. In Chapter 7, which is theoretical in its approach, a detailed model
for guiding public sector investment at the urban scale is developed. This
model is applicable to all developing countries, with slight modifications,
and describes for the first time a mathematically integrated approach of
viewing the costs and benefits of housing to the consumer.
This model was calibrated using original data obtained by surveying
approximately 1200 households in the city of Colombo, and collecting hitherto
unpublished data regarding the housing construction industry in Ceylon.
Chapter 8 is devoted to developing standards. This is the first time any
reasonable set of standards has been developed exclusively for Ceylon.
. Chapter 8 is devoted to an analysis of the costs of housing and uses data
obtained in Ceylon for developing models that can be used for evaluating
the different types of housing, at different locations. A most startling
revelation was that it is cheaper to house larger households than smaller
ones, and that flats are absolutely out of the question for urban Ceylon, cost
wise.
Chapter 10 analyses the ability of a household to pay for housing, and
is used in conjunction with the conclusions of Chapter 9 to define
residential belts, which become basic information for the preparation
of an urban plan.
Deviations from the theoretical predictions explained therein are quite
revealing.
Overall the purpose of Chapters 8, 9 and 10, are to test the validity
of the theoretical model, and set the base for future research. Chapter
11 describes briefly how this model can be of practical use in guiding
public sector investment.
7. In conclusion the simple thesis that evolves quite conclusively from
this study is that 'The public sector must play a major role in the
direct development of uxban housing in Ceylon, and to achieve its
objective it must define the parameters of a programme on the social,
economic and cultural characteristics of its population, i. e. rvjse the
concept of housing demand. "
There are numerous sub theses that come out of this study, which it
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Housing, like food and clothing, is one of man's basic needs. Until
recently, investment in housing has been considered as a pure "social
overhead". However, more recent economists h've argued that
investment in housing can also generate economic growth.
As defined in Chapter 1, modern use of the term housing encompasses
the entire living environment. The living environment consists of
two basic parts. They are the area which consists of the housing units,
and the area which consists of all other facilities required to support
the population living in the housing units. Hence, the definitions in
Chapter 1 defining the above parts as "the direct development of
housing", and "the indirect development of housing. " These
definitions then set the first limitation to this study, i.e. the study is
devoted to an analysis of the direct development of housing.
The second limitation to this study is arrived at due to the vast differences
that exist between urban and rural communities in most countries,
éspecially the developing countries. Thus this study is basically an
analysis of the direct development of urban housing, specially related
to the problems of the developing countries. Since there exist
differences within developing countries, though the basic approach
may be similar, details of analysis will differ. Therefore, this study
is limited to an analysis of investment in the direct development of
urban housing in Ceylon.
The final limitation to the study was set due to the broad scope of the
above mentioned analysis. ¥ orking in the public sector in Ceylon,
in the field of housing, the final scope of the study was limited by
the author to an analysis of :
"Public sector investment in the direct development of
urban housing in Ceylon. "
ii.
2. Basis of the study
Accepting the fact that housing is necessary from a social point of view,
there arose three basic questions with regard to public sector
investment in the direct development of urban housing in Ceylon. They
were:
(1) Should the public sector invest in the direct development
of urban housing in Ceylon?
(2) If the public sector is to invest in the direct development
of urban housing in Ceylon, what should be the objectives
of this investment?
(3) How can these objectives be achieved ?
Answering these questions thus formed the basis on which the whole
study is based.
3. The study
Based on the three basic questions posed, the study was divided into
four parts. They are:
Part I : Definitions
Part II : The need and resources for public sector investment
in the direct development of urban housing in Ceylon.
Part III : Towards achieving the objectives of public sector
investment in the direct development of urban housing
in Ceylon. The national scale.
Part IV : A model and its calibration, for guiding public sector
investment in the direct development of urban housing
in Ceylon, at the urban scale.
Under the above headings, the main approach and findings of the study
are described below.
4. Definitions
Under the title of definitions the first objective was to define clearly
terminology as would be understood throughout the study. Thus
iii.
Chapter 1 gives definitions of all the relevant terminology. It is
important that anyone who reads this thesis first acquaint himself
or herself with the terminology defined, as it is referred to not only
in the title but throughout this work.
The second chapter is one of the most important chapters, since it
defines the conditions under which it becomes necessary for the
public sector to invest in the direct development of housing in Ceylon,
and goes on to define the objectives of public sector investment.
This chapter is theoretical in its approach, md though it has been
related to Ceylon in particular, it is applicable to the developing
countries in general.
Briefly, the conclusions reached in Chapter 2 indicated that:
(1) The public sector should invest in the direct development
of urban housing if it can be shown that the private sector
alone will not achieve the level of investment both in
financial and physical terms, to meet the requirements of
the population.
(2) If public sector investment was necessary, the objectives
of the investment should be:
(a) to solve the housing problem.
(b) to achieve the solution at the minimum physical costs
(c) to maximise economic growth via the investment.
The definition of the conditions for public sector investment are quite
clear. However, the general objectives of public sector investment
stated above are vague and need detailed definition. This detailed
definition led to detailed objectives given in Chapter 2.
Of interest to the well versed reader on the subject is the definition
of solving the housing problem. The definition defines the housing
problem as one of two components, the physical component based
on a set of standards, and the social component that may result due
to the unsuitability of the standards. Thus solving the housing
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problem meant providing a physical solution to standards that eliminate
related social problems. As seen in Chapter 2, this meant housing
- based
standards/on the social, economic, and cultural characteristics of the
population. This idea reverses the present one where standards are
hypothetical, and social problems are not considered.
The second objective of achieving the solution at the minimum physical
costs was possible by using the minimum standards needed to eliminate
the related social costs, and providing these standards, at minimum
initial costs and subsidies. This therefore indicated the need for an
analysis of the technical aspects of housing.
The broad objective of achieving economic growth via the investment
was then considered, in order to set out detailed objectives. The analysis
led to the conclusion that this broad objective could be achieved if
marginal employment generation could be maximised, and marginal
foreign exchange consumption minimised via investment in housing.
Hence, this part of the study led to the definition of a set of conditions
for, and objectives of public sector investment, which could be used as
a basis for analysing public sector investment in the direct development
of urban housing in Ceylon.
5. The need and resources for public sector investment
in the direct development of urban housing in Ceylon
In order to establish a case for public sector investment in the direct
development of urban housing in Ceylon, from the definitions developed
in Chapter 2 it was necessary to show that private sector investment
will not be able to achieve the physical and financial targets of investment.
For this particular aspect of the study the rural sector could not be
isolated, since a national investment programme must consider the
entire housing problem of the country.
V ith this in view a target of total investment was established as seen
in Chapter 3. This target was relative to the G. N. P. at current
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factor cost prices. This total target was then divided into urban and
rural areas.
The next stage of the analysis entailed estimating the investment made
over the years 1967-1971. For this estimation, published as well as
unpublished original data was used. Using these investment patterns
as a basis it was possible to analyse investment patterns by the public
and private sectors and explain the fluctuations with reference to
national policy existing at the time.
Using this as a basis the five year plan (1971-1976) was appraised,
and it was seen that total levels of investment would actually fall
rather than increase, due to an overestimation of private sector
Investment.
Overall it was possible to build models that would describe investment
patterns, considering existing and proposed government policy.
The conclusion reached was that if the investment targets were to be
achieved, then greater public sector investment was necessary, thus
establishing a case for public sector investment in the direct development
of urban housing in Ceylon.
The biggest set-back to public sector investment in Ceylon, and the
developing countries In general, is the lack of resources both domestic
and foreign.
Considering at this stage the domestic resources necessary, a vital
question arose. From where can resources for public sector investment
in the direct development of housing in Ceylon be derived? Here once
again both the urban as well as the rural sectors had to be taken into
consideration. In order to answer this question i model was developed
considering the possible sources from which resources could be drawn,
showing that it was possible to raise the necessary resources.
The model was based on the projected investment trends developed in
Chapter 3. Using these trends it was possible to estimate what extra
resources were required to meet the annual as well as backlog targets.
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The model is presented in Chapter 4, and makes use of private savings
and a cut in food subsidies as a means to financing housing. The
conclusion reached showed that using the model the annual target could
be reached by 1976, and the backlog c?eot«lby 1986. It also had the
advantage of gradually reducing food subsidies, thus aiding economic
growth. This conclusion has also been supported by the I. L. O. report
to the Ceylon Government, and is cited in Chapter 4.
The overall conclusion of this part of the study showed that to solve
Ceylon's urban housing problem public sector investment was necessary
both to achieve the physical solution and raise the necessary resources.
6. Towards achieving the objectives of public sector investment
in the direct development of urban housing in Ceylon.
The National scale.
On establishing a case for public sector investment in the direct
development of urban housing in Ceylon, it was necessary to develop
policy for guiding this investment, so that the objectives defined in
Chapter 2 could be achieved.
There were three main objectives to be achieved. They v/ere:
(1) To solve the housing problem, which was seen to be equivalent
to providing standards compatible with the social, economic and
cultural factors of the population.
(2) Achieve the solution at minimum physical costs, within the limits
of technology.
(3) Maximise the marginal rate of employment generation, and
minimise the marginal rate of foreign exchange consumption,
to ensure economic growth via the investment.
These objectives were considered at this stage, at the total urban or
national scale.
In trying to maximise the marginal rate of employment generation
and minimise the marginal rate of foreign exchange consumption,
a theoretical model connecting investment in housing with employment
generation and foreign exchange consumption was built. This model
also took into consideration the self help factor in housing, and
related employment in industry. The model was then analysed theoreti¬
cally from which general policy was developed.
A significant conclusion from the theoretical analysis showed that
on the one hand self help housing increases the total investment for a
given public sector investment, but on the other hand reduces the
marginal rate of employment generation, and increases the m rginal
rate of foreign exchange consumption. It thus appeared that self
help housing must be used with caution and is more suitable for areas
of low unemployment but a high ratio of cost of housing unit to annual
income of household.
In applying the theoretical model to Ceylon this fact was confirmed,
and also showed that in general the housing construction industry should
be labour intensive, and U3e more local materials if it is to aid
economic growth, and thus demand its fair share of national resources.
Chapter 5 of this study presentsthe theoretical model, its analysis, and
use for developing broad policy for public sector investment in the
direct development of urban housing in Ceylon. This particular model
will, it is hoped, be of use to other developing countries as well.
The first two objectives, namely solving the housing problem, md
doing ;o at minimum physical costs, were then considered. 7 he
main objective here was to develop a concept which when applied would
achieve these two objectives.
One fact was known, and that was the existence of a relationship between
standards and socio-economic factors that determine the population,
if the urban population was considered to be of similar cultural background.
The point that required analysis was to establish the relationship
between the socio-economic factors and the elements that made up
the physical costs. The physical costs are built up of the annual
equivalent of recovering the initial costs, the annual maintenance costs,
and the cost of subsidies.
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In Chapter 6 the analysis was approached on a theoretical cost-benefit
basis. Costs represented the real cost to the consumer which included
the recovery of the initial cost, and annual maintenance cost of a housing
unti to which a household aspired. This aspiration as seen in Chapter 6
is related to the household's socio-economic status. Social status was
measured as equivalent to job classification of household head, and
economic status to long run income of household. Thus costs are a
function of socio-economic status.
Benefits on the other hand were represented by the household's ability
to pay for housing. This again as seen in Chapter 6 was a function of
the socio-economic status.
Hence, subsidies which are costs less benefits were also a function of
socio-economic status.
Analysis of these basic relationships showed that if housing is based on
the socio-economic factors of the population, a solution can be achieved
at minimum physical costs.
Based on these findings the concept of housing need was appraised and
rejected since it did not achieve apy of the objectives stated.
Thus the concept of "housing demand" was proposed, and in its simplest
form states that the parameters which determine a housing programme
for an urban area or for that matter any area should be based on the
social, economic, and cultural factors that define the population of
the area.
Thus, at the end of this section it was possible to formulate broad
policy for guiding public sector investment in the direct development
of urban housing in Ceylon.
? • A model and its calibration, for guiding public sector Investment
in the direct development of urban housing in Ceylon.
The study up to this stage may appear to be highly theoretical in its
approach. This was necessary to develop a basis on which a housing
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programme, for public sector investment, could be formulated.
The main object of this part of the study is to develop : model which
could be used for formulating a housing programme at the urban 3cale.
Once again it is necessaiy to delve into a theoretical approach first, and
then calibrate the theoretical model for practical use.
The theoretical model is based on a detailed analysis of costs and
benefits as developed in Chapter 6. However, at this scale certain
factors such as household size, location, tenure, form of house, etc.
which were held constant are made variable.
It may appear that certain long held views have been dispelled in this
model. This is understandable since most existing models hive little
or no theoretical background. On the other hand sophisticated models
that exist are practically inapplicable to situations in the developing
countries.
In order to calibrate the theoretical model developed, a large amount
of data was required. The data was collected mainly from (1) a study
of records of housing construction available at the department of
National housing in Ceylon; (2) a special survey of approximately
1200households (i.e. a 2% sample) of the city of Colombo. The data
collected via this survey is completely original. This survey organised
by the author is described in Appendix I together with the raw data
obtaire i; (3) other available sources of data.
Calibration of the model is divided into three chapters. Chapter 8
deals with the determination of standards; Chapter 9 - a detailed
analysis of costs. In Chapter 10 the ability of the household to pay
for housing or benefits is analysed, leading to a definition of the
housing threshold. This definition is then used to develop threshold
maps for housing location.
It will be appreciated that the model is calibrated using -niy a 2°v
sample of Ceylon's largest city; hence, the results of the calibration
will only confWtwthe basic assumptions of, and trends indicated in
the thoretical model. The results may be indicative of the probable
values that may be obtained in a larger survey. For practical use
the model is theoretically valid, but must be calibrated using a larger
sample.
Chapter 11 indicates how the model could be used in formulating policy,
for a public sector programme for the direct development of urban
housing in Ceylon.
Overall conclusions
The broad thesis that can be drawn from this study is as follows:
"The public sector must play a major role in the direct
development of urban housing in Ceylon, and the parameters
for determining the programme mu3t be based on the social,
economic, and cultural characteristics of the population. "
This may not be new, but the theoretical approach used to prove this
thesis and the models developed therein for applying this thesis
may be of use not only to Ceylon but to other developing countries
interested in defining "non-politically" the role of their public
sectors in the direct development of urban housing.
PART I. DEFINITIONS
CHAPTER 1. Definitions of Terminology.
CHAPTER 2. A Definition of Conditions for, and Objectives
of Public Sector Investment in the Direct





The purpose of this chapter is to define terminology as will be
understood in this study.
1.1 The "development of urban housing"
In the broader sense of the word, the development of urban housing
can be said to include:
(1) The provision and development of land for residential use.
(2) The building of dwelling units.
(3) The provision of support facilities, which comprise
community, commercial, and recreational facilities.
The provision of light industrial concerns within the residential area
has not been included in the definition, as it cannot be strictly
classified as housing development. However, it must be noted that
the provision of light industrial factories are necessary for genera¬
ting employment within the residential area. It also follows that
in redevelopment plans, any existing employment opportunities should
be retained, so long as they are not of an obnoxious nature.
1.1.1 The "direct development of urban housing"
The direct development of urban housing refers to those functions
related to the development of the net housing area, and comprise:
(1) The provision of land for the net residential area.
(2) The provision of infrastructure within the net residential
area (i.e. vehicular and pedestrian access, potable water
supply, sewage disposal, storm water drainage, and power).
(3) The provision of the dwelling wilts..
1.1.2 The "indirect development of urban housing"
The indirect development of urban housing refers to the provision
of those facilities which are necessary to support the net residential
area, and thus make up the gross residential area. It comprise of:
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(1) The provision of land and infrastructure for the support
facilities, to be provided.
(2) The provision of community facilities (i. e. schools, clinics,
community centres, and administrative offices).
(3) Commercial facilities (i. e., shops, restaurants etc.)
(4) Recreational facilities (i. e. parks, playgrounds, and
entertainment facilities).
As mentioned in 1.1. the provision of light industry is treated as
separate from the residential area.
1.2 The public sector
The public sector is defined as the institutional and administrative
organisation of government.
1.2.1 Public sector resources
Public sector resources consist of:
(1) Revenue from taxes.
(2) Direct revenue from profits.
(3) Foreign borrowings and aid.
It will be noticed that domestic borrowings have been excluded. his
is because domestic borrowings are actually private resources being
invested via the public sector, (see 1. 3.1).
1.3 The private sector
The private sector is defined as all individuals, and private
inst itutions and organisations.
1.3.1 Private sector resources
Private sector resources can be classified into two main types:
(1) Capital for investment derived from wages, profits, and savings.
Savings in Ceylon include cash deposits in banks and in hand,
provident and pension fund contributions, life insurance policies,
contributions to saving institutions, and contributions to the
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compulsory1 savings fund. These monies are utilised by the public
sector via domestic borrowing. his is why domestic borrowing is
not classified as a public sector resource in (1. 2.1).
(2) The other form of private resource often not taken into account
is the labour potential available, which could be used effectively for
organised home building.
1.4 Public sector investment
"Public sector investment" is defined as the value of net capital
formation, by the public sector as defined in (1.2) via the use of its
own resources as defined in (1.2.1), and/or resources derived from
the private sector as defined in (1.3.1) via domestic borrowing.
1.4.1 Public sector investment in the direct, development of
urban housing
Public sector investment in the direct development of urban housing
is defined as that part of public sector resources (defined in 1. 2.1),
ancj/or that part of private sector resources (defined in 1.3.1) derived
via domestic borrowing, invested via the public sector (defined in 1.2)
for the direct development of urban housing (defined in 1.1.1).
1.4.2 Public sector investment in the indirect development of
urban housing (Cyj)
Public sector investment in the indirect development of urtian housing
is defined as that part of public sector resources (defined in 1. 2.1),
and/or that part of private sector resources (defined in 1.3.1), derived
via domestic borrowing, invested via the public sector (defined in
1.2) for the indirect development of urban housing (defined in 1.1. 2).
1.4.3 Total public sector investment in the development of
urban housing(f)
Total public sector investment in the development of urban housing is
defined as that part of public sector resources (defined in 1. 2.1) and/or
1
Legislation was passed in 1970 whereby income tax payers had to
contribute to a state compulsory savings fund.
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that part of private sector resources (defined in 1. 3.1), derived via
domestic borrowing, invested via the public sector (defined in 1. 2)
for the development of urban housing (defined in 1.1). herefore
it follows that:
CUT = CUD CUI (1~1)
1.5 Private sector investment
"Private sector investment" is defined as the value of net capital
formation, by the private sector as defined in (1.3), via its own
resources as defined in (1.3.1).
1.5.1 Private sector investment in the direct development of
urban housing (PUQ)
Private sector investment in the direct development of urban housing
is defined as investment by the private sector as defined in (1.3),
of that part of its own resources as defined in (1.3.1), in the direct
development of urban housing as defined in (1.1.1).
1*5.2 Private sector investment in the indirect development of
urban housing (P^)
Private sector investment in the indirect development of urban housing
is defined as investment by the private sector as defined in (1.3),
of that part of its own resources as defined in (1.3.1), in the indirect
development of urban housing as defined in (1.1. 2).
1.5.3 Total private sector investment in the development of
urban housing (PUT)
Total private sector investment in the development of urban housing
is defined as investment by the private sector as defined in (1.3) of
that part of its own resources as defined in (1.3.1) in the development
of urban housing as defined in (1.1). Therefore it follows that:
PUT = PUD + PUI
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1.6 Total investment in the development of urban housing (U,J
The total investment in the development of urban housing is defined as
the sum of the total public sector investment in urban housing defined
in (1.4.3) and the total private sector investment in the development
of urban housing as defined in (1.5. 3). Therefore it follows that:
UT - CUT + PUT
I.e. UT = euD + -ut + PUD + pur
If we write U_ = C + PTT_ i. e., the total investment in theD ud UD
direct development of urban housing, and Uj = + P^, i. e.
the total investment in the indirect development of urban housing -
then Urf = UD + Ux• -
1.7 Notation for application of definitions to rural housing
The definitions of terminology given for various aspects of urban
housing may be used to define similar aspects of rural housing.
The notation, however, will incorporate the letter R in place of
the letter U.
Thus R_, = R + R_T D I
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CHAPTER 2
A Definition of Conditions for and Objectives of Public Sector Investment
in the Direct Development of Urban Housing in Ceylon.
2.0 Introduction
The basic assumption from which this study begins is that, "shelter",
like food and clothing, is a basic human need. It thus follows that one of
the goals of government should be to ensure that its population is
provided with adequate shelter. The term shelter used here refers
to those functions contained within the definition of 'the direct
development of urban housing", (section 1.1.1) applied both in the urban
and rural context. Hence, the role of government is to ensure that
the level, and type of investment, in the direct development of housing
is equal to that necessary for the provision of adequate shelter for its
entire population.
Ceylon like most countries has a mixed economy, i.e. a mixture of
private and public enterprise. This raises certain basic issues. These
issues can be posed as questions, as follows.
(1) Is public sector investment necessary to achieve the level and
type of investment required, and if so how much is required?
(2) If public sector investment is necessary, what should be the
objectives which guide it, and how can they be achieved ?
The purpose, therefore, of this chapter is to identify the general
conditions under which public sector investment may be necessary,
and define the objectives which should guide this investment when
referring in particular where relevant to urban housing in Ceylon.
The conditions defined thus form the basis on which a systematic
analysis of investment in the direct development of housing in Ceylon
is carried out, and presented in Chapters 3 and 4, with particular
reference to investment in the direct development of urban housing.
Chapters 5, 6, 7 and 8 are devoted to analysing public sector
investment, with a view to achieving the objectives to be set out
for "public sector investment in the direct development of urban
housing in Ceylon".
7.
2.1 Conditions for public sector investment In the
direct development of housing
In tiying to answer the basic question whether public sector investment
is necessary, it becomes necessary to consider the alternative to
public sector investment, and define the conditions for the .selection
of one of the systems of investment, thereby including in the definition
the conditions for public sector investment.
2.1.1 Systems of investment
There are three systems under which investment in the direct
development of housing can take place. They are:
(1) Pure private sector investment.
(2) A mixture of private and public sector investment, and
(3) Pure public sector investment.
Within a capitalist economy the direct development of housing has been
mainly achieved via private se<t;or investment, while in a socialist
economy investment has been mainly via the public sector. However, in
a mixed economy it becomes necessary to define the role of the private
and public sectors.
The role to be played by each of the sectors in the direct development
of housing will differ from country to country and also between the
urban and rural areas of a country. This is obvious since the definition
of the roles will depend on overall economic and related policy in
addition to the availability of resources and income distribution.
2.1.2 Selection of a system of investment
In purely capitalist and socialist economies there i3 no doubt about the
selection of a system. Whether the system works is an entirely
different question.
Fortunately Ceylon, which has a mixed economy, can be treated as a
general case, wherein varying the proportion of investment can vary
the system from one of purely private sector investment to one of
purely public sector investment. Hence, the basis of selection of
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a system should be to determine the optimum proportions of
investment subject to national policy, such that the following objectives
are achieved.
The objectives to be achieved are:
(1) The total level of investment achieved is equal to that
necessary for the provision of adequate shelter. This
explains why the proportions will differ from country to
country and also between the urban and rural areas of a
country.
(2) Objective (1) measures investment in monetary terms.
It i3 not sufficient to achieve the desired level in monetary
terms only, but the investment measured in physical terms
must also equal the desired level.
It thus follows that the conditions for public sector investment in a
particular area of a particular country, in this case the direct develop¬
ment of urban housing in Ceylon, depend on achieving the desired
level of investment both in monetary and physical terms, subject to
existing overall national policy. :\n■ analysis of investment patterns
under different policy conditions is thus necessary to answer the
question, and determines the level of public sector investment
necessary. The objective of the analysis is to achieve the desired
level of investment. Chapter 3 of this study is thus devoted to
analysing investment patterns in the direct development of housing in
Ceylon, with special reference to the urban areas, while Chapter 4
uses the conclusions of Chapter 3 to develop a model for generating
the resources necessary for achieving the desired level of investment.
2.2 Broad objectives of public sector investment in the direct
development of housing in Ceylon
On establishing the need for and level of public sector investment
necessary in the direct development of housing in a specific area of
a specific country, it follows that the next step is to define the
objectives of the investment. Once again it will be appreciated that
the objectives may vary for different countries and areas within
countries. However, generalising for the developing countries, and
Ceylon in particular, the objectives can be broadly stated as fellows:
i
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(1) To solve the housing problem.
(2) To achieve a solution within the permitted level of investment,
especially due to the fact that there is a tremendous shortage
of resources. The objective may thus be restated as achieving
the solution at minimum physical costs.
(3) Toeensure that the investment generates maximum economic growth.
The three basic objectives can now be analysed in greater depth with
a view to clarifying their meaning, and identifying the detailed objectives
to be achieved when referring to the direct development of urban
housing in Ceylon.
2.3 Solving the housing problem
To solve a problem one must define a problem, hence the analysis
start3 by defining the term "housing problem", which then leads to a
definition of solving the housing problem. This definition of solving
the housing problem is then used to identify the objectives, which must
be achieved by the public sector in investing in the direct development
of uit>an housing in Ceylon.
2.3.1 A definition of the term 'housing problem"
In referring to a housing problem" current usage of the word tends to
refer to a quantitative and qualitative shortage of housing units.
However, more recently a more vague meaning has been applied, which
refers to an unsatisfactory living environment. Obviously, the first
was too narrow but objective, while the second te ads to be broader,
but subjective. In view of this let us try to define the "housing
problem" so that it is as broad as the second definition and as objective
as the first. In Chapter 1 (section 1.1) the phrase "development of
urban housing" was defined. his definition included the development
of the land, the provision of the dwelling units, and the provision of
the support facilities. This then covers the residential environment.
Therefore, broadly the housing problem can now be defined as:
(1) Insufficient housing units to meet the requirements of a
specific population, based on some specific standards.;
and/or
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(2) Insufficient support facilities to serve the population housed,
based on some specific standards.
It will be observed that the problem has been defined as a physical
one, in relation to some set of standards. I his problem can now
be expressed in economic terms, by relating it to the cost of
providing the dwelling units and the related support facilities, to
the specified standards.
An important point comes up at this stage, and that is the social
problems related to the shortage of dwelling units and related
support facilities. These social problems result in future 3ccial
costs. Thus in economic terms these future social costs can be
expressed as their present value.
We can now write the following:
Housing problem = physical problem based on some set of
standards + social problems created as a result of the
unsuitability of the defined standards.
In simple terms this identity means that a definition of the housing
problems defines the shortages of dwelling units and related support
facilities based on some specified standards, and that if these
standards do not eliminate the social problems related to housing,
these problems must be included, as part of the housing problem.
This identity expressed in terms of cost then becomes:
Cost of solving housing problem = Cost of physical solution
to achieve a defined 3et of standards + Present value of social
costs related to social problems not eliminated by use of the
defined set of standards - see diagram (2-1), total cost line.
2. 3. 2 A definition of solving the housing problem
F rom the definition of the "housing problem" in (3.1) it appears
that solving the housing problem is the provisio of dwelling units
and support facilities in quantity and quality defined by a set of
standards that eliminate any social problems related to unsatisfactory
housing. Thus the real solution lies in solving the social problems
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using the phy deal solution to achieve this end. his approach
therefore reverses the current approach whereby the major objective
is to solve the physical problem, with the hope that the social
problems may be eliminated. Hence ideally solving the housing
problem means that the standards for the physical development
should be based on the elimination of related social problems.
2.3.3 Application of the definition to the direct development of urban
housing in Ceylon
The general definition of solving the housing problem can now be
applied to a specific area of housing, i. e. the direct development
in the urban areas as defined in (1.1.1). his covers the provision
of land for the dwelling units, the provision of infrastructure for
these units, and the provision of the dwelling units.
Hence, the direct development of urban housing must adhere to a
set of standards which eliminate social problems related to the
aspects of development within the definition. However, standards
for the indirect development may be related to standards for direct
development, and therefore such relationships should be taken into
account if they exist.
It i3 thus possible to state that the first objective of public sector
investment in the direct development of urban housing must be to
achieve the physical development to standards which eliminate
related social costs, due regard being paid to the relationship
between direct and indirect development.
2.3.3.1 Social problems related to the direct development of
urban housing in Ceylon
The term "social problems'' in its wider sense covers any occurrence
that upsets the social wellbeing of a community or individual of a
community. Social problems are numerous and spring from various
causes. Social costs are the cost3 involved in solving the social
problems of a society. Hence elimination of social oslg means
eliminating the cause of the social problems.
Á
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Social problems in relation to the direct development of urban housing
are of two types. They are:
(1) Social problems that present themselves in a physical form, and
can be said to originate from any one of the aspects of the direct
development of urban housing. An example would be the spread
of disease due to the pollution of the water supply. This type of
problem is thu3 termed "Socio-physical" and is defined as a
social problem that presents itself in a physical form, and can
be traced to an inadequacy in the standards used for the direct
development of urban housing.
(2) Social problems that present themselves in mental form, that
may or may not lead to a complexity of physical forms. An
example would be the effect of insufficient space and privacy
on family life. This may lead to numerous problems that present
themselves in a complexity of physical forms. This type of
problem is termed "socio-mental", and cannot be ©radicated by
treating the physical form that may arise, but must be eradicated
by eliminating the root cause that creates the mental attitude,
which is responsible for the physical form. In other words,
"socio-mental" problems are defined as problems that emanate
due to the mental dissatisfcation of a oommunity or individual
of a community as a result of inadequacy of the standards used
for the direct development of urban housing.
2.3.3.1.1 Socio-physical problems and the direct
development of urban housing
From the definition in section 2.3. 3.1, "socio-physical problems
are direct physical problems affecting the population as a result of
inadequate standards, which result in social costs.
Basically the physical problems that result in social costs are related
to the physical health of the population housed. Thus socio-physical
problems can be regarded as problems that affect the physical health
of the population, that can be traced to inadequate housing standards.
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In applying this form of definition, one of the major factors to be
considered is the climatic conditions of the area to which the definition
is being applied. This is necessary since countries situated in the
tropics need to keep the rousing unit cool, and is generally directly
open to the atmosphere for ventilation, while those in temperate
areas need to keep the housing unit warm, and thu3 closed to prevent
a loss of heat.
The following discussion will treat countries situated in the tropics,
and will refer to Ceylon in particular.
Socio-physical problems related to the direct development of urban
housing in the tropics, and to Ceylon in particular, arise due to two
major reasons. They are:
(1) Non-availability of a supply of po table water,
and
(2) Non-availability of a^ system for sewage and watte water
disposal.
It will be noted that overcrowding has not been considered as a factor
affecting the physical health of a population due to the fact that
climatic conditions necessitate ventilation, which in most forms of
housing is provided by windows open to the atmosphere. In other
cases overcrowding is overcome by the fact that people sleep in the
open areas surrounding the house. * However, it must also be noted
the tropics has monsoon rains which last for about three months of the
year. During this period there will be an obvious overcrowding,
and the possibility of a health hazard. However, in comparison to the
temperate climates where the climate is cool the whole year round,
and sleeping out in the open is virtually impossible, the health hazard
of overcrowding in the tropi cs is virtually negligible.
During the survey described in Appendix I it wa3 found that in certain
cases an occupancy rate of 15 persons/habitable room was recorded.
The fact that the majority slept outside the house was confirmed by
enquiring where they slept.
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Table (2-1)
U rban Water Supply'. Ceylon (1969-70).
Source/ Drinking % Cooking i Bathing %
Purpose
Pipe Borne 59.4 58.7 41.4
Well 40.6 41.3 49.6







Urban Sewage Disposal . Ceylon (1969-1970).
Ttoilet^ Flush Bucket Cess Pit None
Percentage 20.6 27.6 24.8 12.0 14.0
1, 2. Socio-Economic Survey of Ceylon, 1969-70.
Tables 50 and 52, respectively. Department of
Census and Statistics, October, 1971.
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Referring to Ceylon in particular, tables (2-1) and (2-2) describe the
availability of a potable water supply, and sewage disposal system
within the urban areas of Ceylon. It will be noted that only 59.41 of
the population have purified water for drinking, and 14. 0% have no
form of toilet facilities at all. This has resulted in the rapid spread
of communicable diseases1, and a large expenditure of approxi-
2
mately 7C' of current and capital expenditure on health facilities. "
A survey (Appendix I) revealed that in the city of Colombo the
occupancy rate varied from 1 to 15 persons per habitable room,
averaging around 3.
The problems mentioned above occur mainly within the lowest Income
groups who live in old tenements and in improvised structures, which
constitute about 30% of urban housing in Ceylon.
2.3.3.1.2 Elimination of "socio-physlcal problems" related to the
direct development of urban housing
From the discussion (section 2.3. 3.1.1) it follows that in order to
eliminate the "socio-physical" component of the social costs, the
root cause of the "socio-physical" prohlems must be eliminated.
Thus for countries situated in the tropics and for Ceylon in particular
the direct development of urban housing must ensure that
(1) Housing is provided with a simply of potable water.
(2) Housing is provided with a system for sewage and waste
water disposal.
What of the question of overcrowding? As mentioned earlier the
detrimental effects of overcrowding are much less in the tropics than
in countries situated in temperate climates. Hence occupancy rates
can be more realistically determined by referring to their relation¬
ship to "socio-mental" problems as will be seen in section 2. 3. 3.1.3.
1
Report of the planning committee on Education, Health, Housing and
Manpower - page 46, para. 25. Government Press, Ceylon. May 1967
2
Table 36. Report of the Central Bank of Ceylon for 1971.
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To support this view, the study of "Housing and Tuberculosis in
a mass radiographic survey" \ dispelled the long held view that
high densities were the cause of infection, and showed that it
could be more related to socio-economic status.
2
Further, the work done by Van Huyck shows that as per capita
G. N. P. decreases, occupancy rate increases, and they are related
hyperbolically. However, it is evident from his graph that the
obvious effects of climate have been neglected, wherein Italy and
Mexico had a similar per capita G. N, P.'s but their occupancy
rates were 1. 3 and 2. 8 respectively. A similar disparity existed
between the U.K. and Israel.
This thus proves that occupancy rate is more realistically
determined by referring to a basis of socio-economic satisfaction,
and that climatic conditions are equally important.
2.3.3.1.3 'Socio-mental" problems and the direct development of urban housing
"Socio-mental" problems as defined in section 2. 3. 3.1 are problems
that arise due to the standards used for the physical development
being unacceptable, and thus resulting in a dissatisfied population.
Unlike "socio-physical" problems, "socio-mental" problems *
cannot be definitely identified with particular aspects of the direct
development of housing, since the problems arise from a complex
3
combination of reasons . However, since "socio-mental"
1G.E.Brett and B. Benjamin: "Housing arad uberculosis in a mass
radiographic survey". British Journal of preventative and social
medicine, XI (1957) 7-9.
2
Van Huyck,A. P. "The housing threshold for lowest income groups;
the case of India". Graph 2, page 86.
3 In support of this, quoting from the article 'Social functions of the
urban slum'by Marc. Fried and Joan Level, in Urban Planning and
Social Policy, edited by E.J. Fireden and R.Morris (Basic Fooks Tnc
New York 1968) "There is little doubt that poor housing and higher
rates of social pathology are associated with slum residence, but
whether they are functions of residential location or socio-economic
status remain an open question. Many efforts to implicate the slum
as the cause of social pathology have failed; even in the sphere of
physical health there is evidence to suggest that socio-economic
status is more critical than slum residence. "
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problems are associated with dissatisfaction, it follows thsft an,
increase in dissatisfaction should lead to an increase in "socio-
mental'' problem s.
It thus follows that the elimination of related "socio-mental"
problems depends on providing housing to such standards as
satisfy the population to be housed.
2.3.3.1.4 Elimination of "socio-mental" problems
Since the elimination of "socio-mental"problems related to the
direct development of urban housing depends on formulating
standards that satisfy the population to be housed, it follows that
standards should be based on the basic factors that contribute
towards satisfaction.
As suggested earlier there is evidence to show that social
pathology or "socio-mental" problems are the result of socio¬
economic status, rather than the direct result of the physical
condition of housing. However, where standards do not satisfy
the socioeconomic status, it tends to aggravate the situation by
increased dissatisfaction. Hence satisfying the socio-economic
status is one of the basic objectives that must be achieved when
~ * developing standards.
A factor neglected in most studies has been the cultural factor.
Two households of identical socio-economic status may have very
different patterns of family life as a result of different ethnic
origins. Hence ethnic origin; and thus culture is the second
criteria on which standards must be based.
It thus follows that basic factors to be considered in the formulation
of standards are:
(1) Social status
(2) Economic status; and
(3) Cultural background or ethnic origin.
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In order to use these basic factors in determining standards it is
necessary to determine the variables that determine social status,
economic status, and cultural background.
(1) Social status (S)
In relation to housing social status can be identified broadly
with job classification of the head of household. his form of
social stratification has been shown to reflect the attitudes of
1 2
people toward housing on a satisfactory basis. ' " This type of
classification is particularly true in urban Ceylon where the
population can be classified socially in respect to their attitude
towards housing in the following groups:
(1) Blue collar workers
(2) White collar non-professional workers; and
(3) Professional workers.
(Proof of this is given in Chapter 8, using tho data obtained from
a survey described in Appendix I.)
(2) Economic status (E)
Economic status can be described by the normal or long run
household income. (Chapter 6 and 8).
(3) Cultural background (C)
Cultural background can be related to ethnic origin. However, in
the broader context it can also be considered as urban, and rural
for a particular country. his broad definition is more practical
in its application, especially for a country like Ceylon where the
majority of the population stems from two basic ethnic groups,
which are culturally similar. (Chapter 8)
Rain-water, Lee. "Fear and the house-as-haven" in the lower class";
page 85 - Urban Planning and Social Policy.
2
Anthony, Judith (1970). Urban systems: data on household income and
socio-economic group. Land use and built form studies. Working
Paper No. 37. University of Cambridge, School of Architecture.
Thus the elimination of "socio-mental" problems related to the
direct development of urban housing in Ceylon can be achieved by
basing standards on:
(1) he classification of households in terms of the job
of the head of the household, i. e. the social group.
(2) The normal or long run income of the household; and
(3) The ethnic origin of the household. In this particular
case this factor may be considered to be common to all
urban households in Ceylon, and may not be of significance.
A population will be composed of different social groups and different
income groups. It thus follows that, if standards are to be based on
satisfying the various groups, it will not be possible to do so with
one set of standards. Hence an extension to the original thesis
states that one set of standards is insufficient for the elimination of
the related "socio-mental"problem, but what is needed is a range
of standards satisfying the various socio-economic groups in a
community.
2. 3.4 Detailed objectives for solving the housing problem via public
sector investment in the direct development of urban housing in Ceylon
From the foregoing discussion in sections ?. 3 to 2. 3. 3, it follows
that if the basic objective of solving the housing problem is to be
achieved, standards should be based on the elimination of related
social costs. It was also seen that to eliminate related social costs
standards should be based on satisfying the socio-economic values of
a population in addition to provision of basic facilities such as
potable water, and sewage and waste water disposal.
Therefore if public sector investment in the direct development of
urban housing is to achieve the basic objective of solving he
housing problem it must be guided by policy objectives which state
that:
(1) Every housing development must be supplied with some form
of potable water supply and sewage and waste water disposal.
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(2) The detailed standards of development must be based on satis¬
fying the social and economic values of the population, which
results in the need for a range of standards, rather than one
set of standards.
2.4 Achieving the solution at minimum physical costs
The second objective of public sector investment as stated in section
2. 2 was that the solution to the problem should be achieved at
minimum physical costs.
In this section physical costs related to the direct development of
urban housing are defined in detail. This definition leads to an
identification of the detailed objectives that must be achieved if
the broad objective is to be achieved.
2.4.1 Physical costs related to the direct development
of urban housing
Physical costs related to the direct development of urban housing
are of two types, viz.
(1) The initial costs of development
(2) The future costs of maintenance and subsidies.
Hence the costs will be defined under the above broad headings,
which leads to identifying the relationship between these two basic
forms.
2.4.1.1 Initial C03ts of the direct development of urban housing
The initial costs related to the direct development of urban housing
arise from four basic sources. They arej^
(1) The cost of land per housing unit.
(2) The cost of infrastructure development per housing unit;
(3) he cost of a housing unit; and
(4) The total quantity of housing to be built.
It will be seen that each of these costs is related to the standards
used, and in certain cases to the indirect development of urban
housing.
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Theoretically if a policy of acquiring land by means of using
government bonds is implemented, and a policy of owner occupation
and rent purchase is implemented, the public sector will not have
to meet the initial costs of land or make allowance for maintenance
costs. However, if these two costs are not minimised the cost of
housing to the consumer will rise, resulting in a need for greater
subsidies. Since subsidies itself are to be minimised, it is
necessary to consider the minimisation of the total cost, on the
theoretical assumption that all costs are being met by the public
sector.
2.4.1.1.1 The cost of land per housing unit
One of the basic factors that determine urban land costs is its
location in relation to the city centre. Land costs tend to decrease
with distance from the city centre.'1 It thus appears that in order
to minimise the cost, housing should be situated as far from the
city centre as possible. However, an important point that arises
is the cost and time of travel, which will be dealt with in Chapter 7
Irrespective of the location factor, the most important factor that
affects the land cost per housing unit is the density of development
in units/acre. It is quite clear that higher densities will reduce
the cost of land per dwelling unit. However, as we will see later
on, indi criminate increase in densities can create social problems,
thus not achieving the primary objective of eliminating the social
costs. It thus appears that there must exist an optimum density
of development, and that this should be determined by considering
the density level that satisfies the population, as concluded in
section 2. 3.
As mentioned earlier the net development of housing cannot be
considered in isolation. Land is one of the factors affected by
this criteria. Support facilities are required to provide a
1
Richardson, H. W. (1971). Urban economics page 50, Penguin
books, England.
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satisfactory living environment, these require land, and thus it is
not the net density but the overall gross density that should be
maximised if the cost is to be minimised.
2. 4.1.1. 2 The cost of infrastructure development
It has been shown that the cost of urban infrastructure development
1 2.
decreases as densities increase. ' his again suggests that
high densities will minimise the cost of the direct development of
urban housing. However, here again we must consider the effect
of high density on social costs, and the obvious fact that high
densities result in high rise building. This leads to the considera¬
tion of the cost of high rise building, and also the social costs of
living in flats.
2. 4.1.1. 3 The cost of the housing unit
The initial cost of the housing unit depends on three basic factors.
They are:
(1) Standards
(2) Overall size; and
(3) Form of building.
In relation to these basic factors, Dr P. A. Stone has shewn that the
cost of a unit tends to increase with an increase in standards. his
can be applied as a general conclusion to any form of housing
construction. Hence in the case of the developing countries, and
Ceylon in particular, one is drawn back to the definition of the
physical housing problems, which, when western European
standards are applied to it, define the problem as a colossal one.
As we saw in section 2.3, certain minimum standards are necessary
to eliminate the socio-physical problems. But what standards should
^Stone, P. A. (1970). Urban development in Britain, standards,
costs, and resources 1964-2004. Cambridge University Pres3.
2
This aspect is analysed in detail in Chapter 7.
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be adopted if the socio-mental problems are to be eliminated?
Obviously the standards adopted should again be related to the
level of satisfaction of the population to be housed. As explained
in section 2.3, satisfaction depends on the social, economic, and
cultural values of the population. These vary widely within a
particular urban area, which thus suggested that one particular
set of standards is not a suitable solution, but that what was needed
was a range of standards between some minimum and maximum.
This enables the use of the fact that if standards can be varied so
can the initial cost, enabling not only the satisfaction of the
social and cultural values, but also the economic ability of the
household to pay for the house.
The second factor that affects the cost of the housing unit is its
overall size. As Dr. Stone has shown, the cost/unit area tends
to decrease with increase in size, which results in the fact that
the cost of housing/capita reduces with increase in household size.1
This is based on the fact that the space requirement per household
is directly proportional to the size of the household. This suggests
that for Ceylon minimisation of the initial cost should follow two
basic policies. They are:
(1) Encouragement of the concept of the extended family, which
is socially and culturally and economically an accepted norm.
(See also Chapters 6, 7, 8 and 9.) This would result in
a reduction in the cost of housing/'capita, and a reduction in
the overall number of housing units required, for a particular
population.
(2) The space standards to be adopted should be based once again
on the level of satisfaction of the population, as concluded in
section 2. 3, having the economic advantage of reducing the
initial cost of housing (see Chapters 7 and 8.)
*P. A. Stone. Urban development in Britain, Standards, Costs and
Resources, 1964-2004, page 148.
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The third factor is the form of building. As Dr. Stone has shown
there appears to be an increase in the cost with an increase in the
number of floors. Hence high rise building tend3 to increase
not only the initial physical costs, but also social costs as shown
2
from Pearl Jephcott's study.
In the developing countries there are three other basic forms to
be considered. They are:
(1) The provision of a complete house.
(2) The provision of a core house for completion on a self-help basis;
and
(3) The provision of a serviced block of land for the construction
of a self-help house.
Each of these forms progressively reduces the initial expenditure,
since there is a progressive increase in the use of self-help labour,
working on the assumption that the material content remains the
same.
This thus suggests that form is in important consideration in
controlling the initial cost of housing, to the consumer.
2.4.1.1.4 he total quantity of housing
The quantity of housing required for a specific population can be
defined by two variables. They are (1) the number of housing
units, and (2) occupancy rate in persons,/habitable room.
For a specific population the number of housing units is equal
to the number of households. í he number of households depends
on the standard used for defining the size of a household which
requires a separate dwelling. It therefore follows that if a
specified standard of space is used per capita the size of the
unit will be proportional to the size of the household.
^P. A. Stone. Urban development in Britain. Standards, costs
and resources, 1964-2004, page 148.
o
Jephcott, Pearl. (1971). Homes in high flats. Oliver & Boyd,
Edinburgh.
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The number of habitable rooms in the housing unit will be inversely
proportional to the occupancy rate for a specific household unit.
Hence, the cost of a housing unit will be directly proportional to
the size of the household if the rate for construction per unit area
is constant for all sizes of housing unit. But this is not so, as
shown by Dr P. A. Stone. He has shown that the cost/unit area
decreases with the size of the unit1, therefore the cost of housing
per capita will decrease with an increase in household size.
Further, if the same unit is divided Into a greater number of
rooms the cost tends to rise due to an increase in the area of
walling required. Therefore it follows that the cost of housing
for a specified population reduces with an increase in household
size and reduces with an increase in occupancy rate. (This is
true if all the houses are otherwise equal in all respects.)
Tills thus suggests that for the minimisation of initial costs the
standard of household size and occupancy rate should be made as
large as possible. However, this cannot be based on purely
arbitrary thinking, but must be related to the social problems
related to the standards selected. (Section 2. 3.)
It also follows that the minimisation of the total quantity of housing
will result in cutting down to a further minimum the overall costs
of land, and land development.
2.4.1.2 Future costs of the direct development of urban housing
Future physical costs of the direct development of urban housing
arise due to two reason. They are:
(1) The cost of maintenance of the house and related infrastructure.
(2) The cost of subsidies.
1
Stone, P. A Urban development in Britain. Standards, costs
and resources. 1964-2004. page 148.
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2.4.1.2.1 The cost of maintenance (M)
According to Dr. P. A. Stone'1 costs of maintenance are directly
proportional to
(1) the initial cost
anc*{2) the age of the building.
Age is a factor that is inevitable. However, maintenance costs,
since they are related to initial costs, can be minimised by
minimising the initial costs.
2.4.1.2.2 he cost of subsidies (s)
Subsidies arise as a result of the cost of housing being beyond the
household's ability to pay for it. '1 here are two basic factors
that determine a subsidy. They are:
(1) The proportion of income that a household can devote
to housing, without economic hardship, >nd thus without
the creation of socio-mental problems.
(2) The percentage the real rent of the house bears to
household income.
If (2) above exceeds (1), the need for a subsidy arises. Hence,
if subsidies are to be minimised there arises a need for minimising
the percentage tetih bears to household income. As household
incomes increase this percentage will decrease, showing the well
known fact that the upper income groups do not need a subsidy.
It thus follows that if a minimum standard is to be maintained then
there is an income level below which a subsidy must be paid.
The question that arises is, what is the minimum standard ?
Obviously if the primary objective is to be satisfied, the minimum
standard is that which satisfies the lowest, socio-economic group
of the community.
1
Stone, P. A. Urban development in Britain. Standards, costs and
resources. 1964-2004. page 154.
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There are other factors which add to subsidy. They are:
(1) The interest rates charged; and
(2) The time over which the initial cost is amortised.
It is well known that an increase in interest rates results in an
increase in rents and thus an increase in subsidies, while
reduction in the time of recovery results in an increase in rents
and thus an increase in subsidy. Hence, theoretically housing
should charge the lowest interest rate possible, and recover the
costs over the longest period possible. (The case of Ceylon will
be dealt with in Chapter 9.)
2.4.2 Objectives for achieving the solution at minimum
physical costs
The nature of physical costs related to the direct development of
urban housing has been described in section 2, 4.1. It is now
possible to identify the detailed objectives that must be achieved
if the major objective of solving the problem at minimum costs
is to be achieved.
2.4.2.1 The relationship between standards and costs
As discussed earlier, the costs related to the direct development
of urban housing are of two forms, viz.
(1) The social costs that arise due to the unsuitability of
standards.
(2) The physical costs which comprise (i) the initial costs of
development and (ii) the future costs of maintenance and
subsidies.
The discussion in section 2. 3. led to the conclusion that unsuitable
standards create socio-economic dissatisfaction and thus lead to
social costs. Hence, if a graph of the present value of social
costs vs • standards is plotted it will take the form shown in
diagram (2-1), i.e. at zero standards the social costs will be
a maximum reducing as standards increase, and ultimately
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socio-economic status. It follows that the point A on the graph where
costs vanish will keep moving to the right as the graph is plotted for
higher socio-economic groups.
Considering the case of the physical costs, and looking at first the
initial costs and then the future costs, the following observations can
be made.
(1) It will be observed that other than locational and technological
considerations which include form, the cost of each item depends
on the standards used in providing each item.
The cost of land per unit increases with a decrease in density
(section 2.4.1.1.1)
The cost of infrastructure development decreases with an increase
in density, and increases as the general standard is raised (section
2.4.1.1.2)
The cost of the housing unit increases as space standards are
increased, and increases a3 the level of finishes is raised.
(Section 2.4.1.1. 3)
he total number of housing units increase as th a standard of
defining household size is decreased. (Section 2.4.1.1.4)
All this adds up to one fact, and that is as standards are raised, the
initial cost of the direct development is increased.
(2) Maintenance costs are directly proportional to initial costs1, white
initial costs depend on standards, hence maintenance costs increase
as standards are raised.
Subsidies arise when the rent requested is beyond the household's
ability to pay for it. Rent is a function of initial costs, since
it is based on the amortization of initial costs, and the recovery
of maintenance costs. herefcre subsidies must increase as
standards are raised.
Hence, it follows that the future costs of the direct development of




(3) Since both the initial and future costs of the direct development of
urban housing increase with rising standards, it is possible to
conclude that the total physical costs represented by the initial cost
plus the present value of future costs will increase as standards
are raised. (See diagram 2-1).
The graph of the initial plus future costs of the physical development
will be zero at no standards and will increase due to reasons given.
Only one line has been shown, and this represents the minimum ccst
at which the particular standards can be provided under existing
technology. It follows that by minimising the other factors that
influence costs, the gradient of the line can be minimised (i.e. the
locational and technological considerations).
Cn adding the two cost lines, i.e. the social costs and physical costs,
the total cost line can be obtained.
It will be observed that the total cost line decreases to a minimum
and then increases again, and that this occurs at the point A, where
the social costs vanish.
Referring to diagram (2 -1), it will be observed that if standards are
lowered indiscriminately, the primary objective of solving the problem
is not achieved, and at the same time the total costs to be incurred
increase. íhis reveals the fallacy that if developing countries ire
to solve their problem due to limited resources they should lower
their standards till standards are in line with resources.
On the other hand, increasing standards with no regard to their
relationship to social problems results in eliminating the social
problems no doubt, but at a cost much greater than the minimum.
This has been the present trend in most developing countries where
standards used are a mere repetition of western standards which
are far too much, resulting in a few houses with the limited resources
available.
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Hence the solution lies as will be observed from the diagram in
using standards based on the elimination of related social
problems, which result in the total minimum cost for achieving
a solution to the problem, and at the minimum physical cost.
It will be appreciated that the physical cost must then be further
minimised by determining the acceptable minimum values of the
other factors that contribute towards it.
2.4.2.2 ■"he objectives
The objectives for achieving the solution at minimum physical
costs can now be stated and are as follows.
(1) The standards used must be the minimum required to satisfy
the socio-economic valuesof the population. Since theoretically
there exist an infinite number of combinations of social and
economic values, within a population, the objective should
be to evaluate a range of standards, and not a single set.
(2) These standards must be provided at the minimum initial
costs within the limits of technology, and location.
(3) The cost of subsidies that thus arise must be minimised.
This objective is partly achieved by achieving objective (2)
above, as will be seen in Chapter 6.
2.5 Maximising the generation of economic growth
Ceylon like most developing countries has been faced with
problems resulting from a slow rate of economic growth. In
addition, the lack of resources both local and foreign has compelled
that investment should be in fields which produce the maximum
rate of economic growth.
Investment in the direct development of housing has been argued
by many economists to be a social overhead investment. However,
this view is now changing. Irrespective of the theoretical
arguments, if the public sector is to invest in the direct
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development of urban housing in Ceylon, it can no longer afford
to treat it as a social overhead investment. ' hus the third
objective of public sector investment in the direct development of
housing must be to ensure that it generates economic growth, and
that the rate of growth generated is a maximum.
V. ith this in view, investment in the direct development of housing
is analysed briefly in the following section, with the objective of
proving that it does generate economic growth, and identifying
the objectives of public sector investment that would maximise
this growth.
2.5.1 he generation of economic growth via investment
in the direct development of housing in Ceylon
Diagram (2-2) represents graphically:
(1) Resources for investment in the direct development of
urban housing in Ceylon.
(2) How investment takes place via the private and public
sectors; and
(3) he effect of investment under throe major headings, viz.
(a) Direct returns
(b) Indirect returns
(c) Generation of industry and employment.
Economic growth via the investment can be said to take place if
overall outputs are increased and/or overall inputs are decreased.
Starting from the stage where input into housing takes place, the
effects of this input are as follows:
(1) An increase of direct returns both in the private and public
sectors via direct returns, provision of services, and taxes;
these returns more or less balance the input.
(2) The net benefits or marginal increase in output occurs via:
(a) The indirect returns as shown in the diagram which
results in a marginal increase in productivity of the
labour force, and a reduction in social costs by the
elimination of the related social problems.
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(b) The generation of employment in the materials and
machines industries. This employment in turn
increases both public and private sector resources
as shown in the diagram.
It is true that there are leakages via consumption, but increased
consumption is after all the result of wage increases.
Overall it can thus be seen that investment in housing is not a social
overhead investment but has a positive effect on economic growth.
2.5.2 Maximising the generation of economic growth
The important question is how to maximise this growth. If marginil
inputs are minimised and marginal outputs maximised the net result
would be the maximisation of growth.
By achieving the primary objective of eliminating related social
problems, the indirect returns will be maximised.
By achieving the secondary objective of minimisting costs, not only
will the initial marginal inputs be minimised but so will subsidies.
Hence, the only variable left for maximisation is the
marginal employment generation . herefore the first
objective to be achieved is to maximise marginal employment
generation via the investment. This objective is true for a
country like Ceylon where unemployment is around 15n* of the
labour force. In a country where unemployment is very low
this may not be as important an objective.
From the foregoing discussion it was observed that investmeni in
the direct development of housing can aid growth. However* the re-
is a proviso, and that is the effect of these policies on economic
stability. Ceylon like most countries in the world is suffering
an increased rate in inflation. Hence, will the policy of maximising
employment generation ail inflation? As mentioned, Ceylon ha3
a very high rate of unemployment, and needs to create more jobs,
hence an increase in the supply of jobs will have little or no effect
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on the price of labour, and thus the rate of inflation. 1 here is,
however, the effect of increased materials consumption on the
price of materials and thus on the rate of inflation. It thus
appears that this investment will tend to increase inflation, unless
there is a control of prices. Ceylon has already taken steps in
thi3 direction by setting up a building materials co-operation
which is responsible for the import, manufacture, and distribution
of building materials in the country. It is thus hoped that the
total effect of investment in the direct development of urban
housing in Ceylon, on the rate of inflation, and thus on economic
stability, will be negligible.
It will be observed that the discussion has so far centred on the
effects of investment in the direct development of housing on the
domestic economy. However, an important point that arises is
the consumption of foreign resources via the investment.
Ceylon like most developing countries has had an adverse balance
of payments situation1 for more than the last decade. This has
been one of the major setbacks to economic growth. Hence, the
second objective is to minimise the marginal use of foreign exchange
via investment in the direct development of urban housing.
Therefore, if etoir*ow»ic <jwMVthe direct development of housing is to
be achieved and maximised, the investment must in addition to
achieving the two basic objectives 3et out to try to -
(1) maximise marginal employment generation, and
(2) minimise the marginal foreign exchange consumption.
The case of Ceylon is discussed in Chapter 5, wherein policies for
maximising marginal employment generation and minimising the
marginal foreign exchange consumption, via public sector investment
in the direct development of urban housing, are developed.
1
Report of the Central Bank of Ceylon for 1971 gives the relevant
details about the balance of payments situation.
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2.6 Conclusion
To conclude this chapter on defining conditions for and objectives of
public sector investment in the direct development of urban housing
in Ceylon, the main conclusions are restated briefly, followed by a
format on which the detailed analysis presented in the following
chapters are based.
The first conclusion reached was that in order to establish the need
for public sector investment in the direct development of urban
housing, the objective of an analysis should be to determine the
proportion of investment necessary, to achieve a specified level
of investment both in monetary terms and in physical terms. The
specified level is determined by estimating the level of investment
necessary to meet the requirements of the population.
On establishing the need for public sector investment the objectives
to be achieved were set out, and in order to achieve these objectives
the detailed objectives that must be achieved were set out. They
are as follows.
(1) To solve the housing problem, provide standards that, other
than the provision of a potable supply of water and sewage
and waste water disposal, are such that they are compatible
with the socio-economic levels of the population.
(2) To achieve the solution at minimum costs, in addition to
objective (1), which minimises total cost, provide the standards
at the minimum physical costs by analysing and selecting
values of the other variables that minimise initial and future
costs.
(3) To achieve maximum economic growth via public sector
investment in the direct development of urban housing In
Ceylon, in addition to achieving objectives (1) and (2), they
must be achieved so that
(a) The marginal employment generated is maximised.
(b) The marginal rate of foreign exchange consumed is
minimised.
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2.6.1 Format for detailed analysis
The format for detailed analysis can now be presented, and is as
follows.
(1) Determine the need for public sector investment in the
direct development of urban housing in Ceylon. Presented
in Chapter 3.
(2) Investigate the possibility of raising the necessary resources.
Presented in Chapter 4.
(3) Determine policy for maximising marginal employment
generation and minimising the marginal rate of foreign
exchange consumption via public sector investment in the
direct development of urban housing. Presented in
Chapter 5.
(4) Determine the detailed range of standards for the direct
development of urban housing based on compatibility with
socio-economic levels of the population. Presented in
Chapters 7 and 8.
(5) Analyse the physical costs of the direct development of
urban housing, and determine policy for minimising the
costs, while achieving the prescribed standards.
Presented in Chapters 6, 9, and 10.
PART n. THE NEED AND RESOURCES FOR
PUBLIC SECTOR INVESTMENT IN
THE DIRECT DEVELOPMENT OF
URBAN HOUSING IN CEYLON.
CHAPTER 3.
CHAPTER 4.




An Analysis of Investment Trends
3.0 Introduction
In Chapter 2, section 2.1. 2, it was stated that public sector
investment may be necessary to ensure that -
(1) the desired physical output is achieved, and
(2) the desired level of investment to produce this ouput
is achieved, subject to prevailing overall national
policy.
It was also stated that an analysis of past investment trends, with the
above objectives in view, would lead to a conclusion which would
define the role of the public sector, and enable an approximate
estimate of the level of public sector investment required.
The purpose of this chapter, therefore, is to analyse past trends of
investment in the direct development of housing in Ceylon, with
special reference to the urban areas, hence defining the fuiure rcle
of the public sector, and the level of investment expected from the
public sector if the total level of investment is to be attained.
3.1 M ethod of analysis
The word investment as used in this analysis is as lefined within the
definitions of public and private sector investment in sections 1. 4
and 1.5. Hence, since investment represents net capital formation
via the direct development of housing it inclvries infrastructure
development and the housing units. The value of land is excluded
from the definition.
The following analysis i3 devoted mainly to investment in the direct
development of urban housing in Ceylon. However, since rural
housing is equally important, and since resources stem from the
same source, it is necessary to include this aspect within the analysis.
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The inclusion of rural housing in this analysis is also useful in
determining the proportions of public sector investment which should
be devoted to urban and rural housing in Ceylon.
'I he method of analysis used is described briefly below.
(1) An approximate estimate of the annual number of housing
units required i3 made, both for the urban and rural areas,
at a specified point in time.
This estimate is made by making an approximate evaluation
of population and population growth, in relation to an
estimate of household sizes, fhis gives an approximate
estimate of the annual quantity of houses required.
The backlog i3 estimated on the assumption that the
median household size is more representative of real
household size than the mean, since the mean includes
extremes of overcrowding and under use, while the median
represents the central value, thus eliminating the fringe
effects.
(2) he size and resulting cost of a minimum standard house
is then defined. Since standards and costs form an important
part of this study it may seem illogical to define a minimum
standard and cost at this stage. However, since what is
being analysed at this stage are trends, and not details, the
use of an approximate standard and cost can be justified.
The standards used represent the minimum being used for
low cost housing in Ceylon at the present time, and the costs
are the real costs of the present low cost housing programme.
(3) From (1) and (2) above it is thus possible to estimate approxi¬
mately the minimum level of investment necessary at the
particular point in time for meeting the current year's
requirements and clearing the backlog. These values can
then be expressed as a percentage of the current year's
G. N. P. at factor cost prices.
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On the assumption that the rate of population growth and house¬
hold size was approximately the same for periods before and
after the specified point in time at which the estimates are made,
the annual targets as a percentage of the current G. N. P. at
factor cost prices can be assumed to be the same. This would,
of course, include the safe assumption that the use of current
values of G.N. P. would offset the effects of inflation.
(4) Real estimates of investment for periods of time before and
after the point at which estimates of targets were.made are then
evaluated, and expressed as a percentage of the current year's
G. N. P. The estimates are detailed down to public sector and
private sector, and further to urban and rural areas (see section
3.4.1 and Table 3-1).
(5) By using the targets, and the real levels of investment, it is
then possible to show how the backlog developed over time.
(See diagrams 3-1 and 3-2.)
(6) The variation in the trends developed are then explained with
reference to policy existing at the time periods under considera¬
tion, and thus used to predict possible trends in future investment
by the private sector, taking into account policy proposed within
the five year plan (1972-1976).
(7) If the predicted trends of private sector investment are shown
to be inadequate, public sector investment is then proposed,
and the level of investment required estimated.
3. 2 Data for use in the analysis
The year at which the first estimates are made is 1970. '1 he year 1970
was selected since the data available was the most comprehensive and
reliable, as it was a result of the 1969-1970 Socio-Economic survey.
The basic data was taken from the official document prepared by the
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Department of Census and Statistics in Ceylon, while some
evaluated data used was taken from the I. L. O report, "A
programme of action for Ceylon' , which was itself based on raw
data from thel989-70 Socio-Economic survey.
Data for evaluating real Investment, the growth of G. N. P. etc.,
was taken from the report of the Central Bank of Ceylon for 1971.
Further details were obtained from unpublished lata available
from the Department of National Housing in Ceylon, the building
materials co-operation, and the Department of Census and Statistics.
There were no grounds on which the reliability of any of the above
sources of data could be questioned. It will be appreciated that
one of the most difficult problems of working- in the developing'
countries is the non-availability of statistical data, hence it must
be agreed that even approximate data is better than no data at
all.
3.3 An approximate estimate of the resources1 needed for
investment in the direct developing of housing in Ceylon
t he population of Ceylon in 1970 was estimated at 12. 29 million,
2
out of which 18' was urban and 82',' was rural . T igration was
estimated at +1.7% for the urban areas, and overall natural
growth at 2.59,' per annum. It was further estimated that 1. 5%
of the urban population and 2. 5% of the rural population needed
rehousing each year due to obsolescence.
9
Here resources include ~uly# the cost of the house and infra¬
structure. Land cost is not Included, and It is also not
recorded as G. D. C. F.
2
Socio-Economic Survey of Ceylon (1969/70). Department of
Census and Statistics, Ceylon. October, 1971. page ii.
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3.3.1 Resources for the direct development of urban housing (1970)
1) Urban population = 18% of 12. 29 million = 2. 21 million
2) Current housing requirements - per 1000 population
Demographic1 growth @ 2.5 = 0. 025 x 1000 = 25
Migration1 @+1.7> = 0. 017 x 1000 = 17
Replacement1 @1.5% = 0.015 x 1000 = 15
Persona requiring new housesA 000 population = 57
2
mean household size = 6.3
median" " " =5.2
57
Therefore: New houses requiredA 000 population = —; = 9
o. o
Total number of new houses required = 19,890 (for 1970)
3) Backlog
The backlog is estimated on the assumption that the mean
household size overestimates the size due to involuntary
overcrowding and underuse; thus the median is taken to be
more realistic.
BacklogAOOO = 1000 ( ~~r * ~~z) = 33
D. £ o•o
Total urban backlog - 72,930 (as at 1970) for the
population of 2.21 million).
The above figures were estimated by the I. L.O. team, and
reported in "A programme of action for Ceylon. " (1971)
p. 136. I. L.O. Geneva.
Socio-Economic Survey of Ceylon (1969/70) page 51 - Tab. 31.
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i4) Size of house
The minimum size of house required is estimated as follows:
Space standards recommended have been -
(a)1 50 sq. ft. /person with a minimum house 3ize of
350 sq.ft., i.e. for a 6 person household.
2
(b) 250 sq. ft. for a 2 person household, together with
50 sq. ft. for each extra person, i.e. 450 sq. ft. for
a 6 person household.
3
(c) 100 sq. ft. together with 50 sq. ft. for every person housed,
i. e. 400 sq. ft. for a 6 person household.
We use standard (c) above, i.e. 400 sq. ft., since it was
developed in Ceylon, and is the average of (a) and (b).
5) Cost per house4
Experience of the department of national housing in Ceylon has
3hown that the cost/sq. ft. for construction and basic infra¬
structure could be estimated at Rs. 25/= for current low cost
housing in the urban areas. This, of course, excludes the
cost of land. Thus the minimum cost per house is estimated
at Rs. 10,000/=. i. e. (400 x 25).
Franklin, G. H. (1969). The place of housing in the national
plans of developing countries. Dublin W1ay(1969) page 19
of paper presented.
A programme of action for Ceylon. Technical papers,
page 138.
3
Self (1971) - For use in low cost housing programme. Ceylon.
4
£1 = Rs. 15.
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6) Estimated resource requirement
4
Current requirements (1970) Rs(19,890 x 10 ) = Rs.198. 9 million
G. N. P.1 at current prices (1970) = Rs. 11,617. 8 million
current requirements as of G. N. P. = 1.7
Backlog (1970) Rs (72,930 x 104) - Rs. 729.3 million
Backlog as - of G. N. P. (1970 = 6. 25™
3.3. 2 Resources for the direct development of rural housing
1) . ural population = 82% of 12.29 million =10. 05 million
2) Current housing requirements per 1000 population.
2
Demographic growth ^ 2.5 = 0.925 x 1000 = 25
2 0 18
igration" (-1.7 x .• • ) =-0.004 x 1000 = -4U. O r
2
Replacement @ 2.5 = 0.025 x 1000 = 25
otal persons requiring new housesA 000 population = 46
3
mean household size = 5.8
3
median household size = 5.0
New houses per 1000 = ~gr = 8
b. 8
O
. ' . ' . • = 80,100
(for 1970).
3) Backlog
The backlog is estimated on the assumption that the mean household
.size, overestimates the size due to involuntary overcrowding and
underuse - thus the median is taken to be more realistic.
1 1
Backlog per 1000 = 1000 ( r~~ - T~T ) = 28
5. u o.o
3
I otal backlog (1970) = 10 . 05 x 10" x 28 = 281,400 houses.
1
'Annual report of the Central Bank of Ceylon for 1971. Appendix II ab.4
2
A programme of action for Ceylon (1971) - page 136 I. L. O. Geneva
3
Socio-Economic Survey of Ceylon (1969/70) page 51 - Tab. 31.
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4) Size of house
The same size as that in section 3. 3.1(4), i. e. 400 sq. ft. /household
is used as the standard, since the'reis little or no difference in house¬
hold size.
5) Cost per house
In the urban areas the cost of construction is Rs 25/= per sq. ft.
In the rural areas, however, where more traditional materials
are used, the cost of the house per sq.ft. and basic infrastructure,
i. e. well for water, and a sokage pit for sewage disposal, can be
estimated at Rs 15/= per sq. ft.
Therefore the cost per house could be estimated at Rs 6000/=
(i.e. 400 x 15).
6) Estimated resource requirements (1970)
Current requirements Rs. (80,400 x 6000) = Rs. 482.4 million
As of 1970 G.N.P. = 4.15"
Backlog Rs (281,400 x 6,000) = 1688.4 million
As of 1970 G.N. P. =14.5 .
3.3.3 Total Resources needed for the direct development of housing
From the foregoing analysis it appears that for the country as a whole
5. 85' of G. N. P. should have been invested in housing in 1971 to meet
the year's requirements. .Of this, 1. 7 should have been in the
urban areas and 4.15f" in the rural areas. It must be noted that
this investment envisaged was the minimum. he U. N. recommendation
is about 6/ of G. N. P. It must also be noted that this estimate does
not include land costs. Further we see that in 1971 if the backlog
was to be cleared a further 20. 75" of G. N. P. would be needed of
which 3. 25 was for the urban areas, and 14. 5" for the rural areas.
The magnitude of the problem is thus obvious.
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3.4 An analysis of investment trends In the direct
development of housing from 1967-71
Section 2.3 provided an approxi iite estimate of the annual invest¬
ment required to meet recurring housing requirements, and the
backlog as it existed in 1970. This section is devoted to analysing
investment in the direct development of urban housing from 1967-
1971, with a view to identifying the reasons for the short-fall, which
has resulted in the backlog.
3.4.1 Preparation of table (3-1)
In order to carry out a systematic analysis cf investment in the
direct development of housing it is necessary to break down this
investment into urban and rural, and further break down each of
these investments into public sector and private sector investment.
The breakdown is carried out for tie years 1967 to 1971 inclusive,
as follows, and i3 presented in table (3-1). The columns in the
table represent the respective years, and the lines represent data
of the breakdown. The method of obtaining the figures for each
line is as follows. Sources from which the raw data used for
preparing table (3-1) are given.
Line 1 Gross national product at current factor cost prices.
This data was obtained from the annual report of the Central Bank
of Ceylon (1971). Appendix II, table 4.
Line 2( -+ R^) Total investment in the direct development of
housing, excluding land costs. Appendix II, table 4, of the annual
report of the Central Bank of Ceylon for 1971 gives the gross national
product of the oountry for various years. Of this ownership of
dwellings was considered to be a total (public and private) investment
in the direct development of housing. The figures tally closely with
1




Hanson, D. R. (1967). Report on the financing of housing and low cost
housing in Ceylon. Annexure vi. page 8, Table 3.
2
A programme of action for Ceylon. I. L.O. Geneva (1971). Technical
papers. Table 1, page 124.
3
Ganeson, S. Paper presented to the Institution of Engineers, Ceylon
(1971). Fundamental considerations towards formulating a national
housing policy and a long term housing programme, page 9.
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Line 3. Total Investment in the direct development of housing expressed
as a percentage of G. N. P., i. e. Line 2 expressed as a percentage of
line 1.
Line 4 (C_.„+ C ) The public sector investment in the direct
UD RD
development of housing (urban and rural). This data was prepared
using original data from table IX, page 67 of the Report of the Planning
Committee on Education, Health, Housing, and Manpower (1967),
adjusted for real expenditure using the data from the annual report of
the Central Bank of Ceylon for 1971, Appendix n, table 36.
Line 5 Public sector investment in the direct development of housing
expressed as a percentage of G. N. P., i. e. line 4 expressed as a
percentage of line 1.
Line 6 (P + P ) Private sector investment in the direct
1 UD RD
development of housing. This data was obtained by subtracting line 4,
the public sector investment, from line 2, the total investment.
Line 7 . which is the private sector investment in the direct development
of housing expressed as a percentage of G. N. P. was obtained by
expressing line 6 as a percentage of line 1.
Line 8 ) Public sector investment in the direct development
of rural housing. This data was obtained using the original from
table VIII, page 67 of the Report of the Planning Committee on
Education, Health, Housing, and Manpower (1967), and making adjust¬
ments for real expenditure using data from Appendix II, table 36 of
the annual report of the Central Bank of Ceylon for 1971, and
unpublished data from the Department of National Housing in Ceylon.
The main adjustment was the division of funds spent by the Department
of National Housing in Ceylon in the ratio 3:1, for urban1 to rural.
Line 9 Public sector investment in the direct development of rural
housing expressed as a percentage of G. N. P. This is obtained by
expressing line 8 as a percentage of line 1.
1Here urban is considered as those areas within municipal and urban
councils only. Other areas are considered as rural.
48.
Line 10 (CUD) Public sector investment in the direct development
of urban housing. This data was obtained by subtracting the public
sector investment in rural housing, line 8, from total public sector
investment in the direct development of housing, line 4.
Line 11 Public sector investment in the direct development of urban
housing, expressed as a percentage of G.N. P. This is obtained by
expressing line 10 as a percentage of line 1.
Line 12 (P^ ^ ) Private sector investment in the direct development
of urban housing. This data was obtained by:
(1) Obtaining data from the Department of Census and
Statistics in Ceylon on the number of housing units
constructed in the urban areas of Ceylon from 1967 to
1971. Here urban means those areas governed by
municipal and urban councils only.
(2) Obtaining data of the average cost of construction
including water supply, some form of sewage disposal
and access.
(3) Multiplying the number of units by the average cost.
Line 13 Private sector investment in the direct development of urban
housing as a percentage of G. N. P. This is obtained by expressing
line 12 as a percentage of line 1.
Line 14;fP_) Private sector investment in the direct development
_____. 1ÜJ '
of rural housing. This data is obtained by deducting the private
sector investment in the direct development of urban housing, line
12, from the total private sector investment in the direct develop¬
ment of housing, line 6.
Line 15 Private sector investment in the direct development of
rural housing as a percentage of G. N. P. This data is obtained by
expressing line 14 as a percentage of line 1.
Lines 16, 17. 18 Ratio of private sector to public sector investment
in the direct development of urban, rural, and all housing respectively.
These ratios are obtained as follows:
1. line 16 = line 12/line 10
2. line 17 = line 14/Line 8*
.. — j*t • i.: :•
P /C
UD UD
3. line 18 = line 6/line 4
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TABLE (3-1) Breakdown of investment in direct development of housing,
Ceylon (1967-1971) Excluding land costs.
Yöí-ir •
Description ' 1967 1968 1969 1970 1971
1 Gross National Product. 8264.5 9876.0 10,747.7 11,617.8 11,828.0
Current factor cost prices
2 Total investment in direct 332.5 332. 9 388. 6 398.9 406. 7
development of housing(UR + R )
3 (2) as a % of (1) 4.02 3.37 3.61 3.43 3.44
4 Public sector invest¬
ment in direct devel.
of housing ( UD+CW 73.2 78.2 93,9 105.4 85.7
5 (4) as % of (1) 0.885 0.792 0.874 0.907 0.725
6 Private sector invest¬
ment in direct develop-
ment of housing
<2> - <4> PUD + PRD ) 259. 3 254. 7 294. 7 293.5 321. 0
7 (6) as % of (1) 3.14 2. 58 2. 74 2.53 2. 71
8 Public rural ^RD 43. 2 30. 2 46.9 47. 4 31. 7
9 (8) as % of (1) 0. 523 0. 306 0.436 0.408 0. 268
10 Public urban (4)—(8) 30.0 48. 0 47. 0 58. 0 54. 0
11 (19 as % of (1) 0. 362 0.486 0.437 0.499 0. 456
12 Private urban Pud 42.5 47. 0 57. 0 63. 0 68. 5
13 (12) as % of (1) 0. 514 0.476 0. 530 0. 542 0. 579
14 Private rural(6)-(12) P-^KD 216. 8 207. 7 237. 7 230.5 252. 5
15 (14) as % of (1) 2.62 2.10 2, 21 1.98 2.13
16
. Private urban(l 2)PUD
a 10
Public urban (10)CRR
1.416 9. 979 1. 212 1. 086 1. 259
17 Ratio Private rural(14)PRD
Public rural (8) C
5. 01 6. 88 5. 07 4.86 7. 96
18 t, ,. Total Private(6) PTT+PTvrvRatio v ' UD RD 3. 54 3. 25 3. 14 2. 784 3. 74




The figures given above are in millions of rupees.
Converstion rate: £1 - Rs.l5/=
The investment figures do not include land costs.
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3.4.2 An analysis of investment In the direct development of
urban housing from 1967 to 1971
3.4.2.1 Diagramatlc representation
Diagram (3-1A} represents graphically the investment pattern in
the direct development of urban housing from 1967 to 1971 by the
public and private sectors as a percentage of G. N. P. Also
indicated is the annual target as 1.7% of G.N.P. from 3.3.1(6)
for the year 1970. Here, the assumption that this could have
been the past and future target too, has been made. This is based
on the fact that aar G. N. P. (at current prices) increases so will
the cost of construction due to inflation. The error therefore
will not be appreciable. Also indicated is the backlog target for
1970 as 6.25% of G. N. P. from 3.31(6). Further, past backlog
targets have been built up by deducting the annual shortfall from
the 1970 target, and for the years 1971 and 1972 the shortfalls
have been added. Diagram (3-1B) indicates the backlog as a
percentage of current G. N. P. at the beginning of the years 1967
to 1972.
3.4.2. 2 Description and analysing of public sector investment. 1967-1971
Up to 1971 the public sector has invested in the direct development
of urban housing as follows:
(1) Grants to public institutions for the construction of houses
for their employees.
(2) Loans to the public at 11°' interest through a national
housing fund, administered through the national housing
department. These loans vary from Rs 2000/= to Rs 25,000/=
and are payable over a maximum of 20 years. Land with a
clear title must be mortgaged for obtaining the loan, if it is
over Rs 2000/«. Loans below Rs 2000/= are given on a
personal guarantee.
(3) The construction of houses for rent, or rent purchase
using the national housing fund.
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(4) Loans by other public institutions such as the Insurance
Corporation of Ceylon, State Mort gage Bank, Peoples Bank,
and Loans Board, on a similar basis to that in (2) above.
(5) Partial grants to local authorities for the construction of
houses for the public.
Overall the Department of National Housing invested the greatest
part of the total investment, i. e. about 35%.
The funds for investment were derived mainly from public sector
resources via budgetary allocations. Instituttonssuch as the
National Housing Department derived further funds via public
debentures, while the Insurance Corporation, Peoples Baric,
and State Mortgage Bank were diverting private sector savings into
the direct development of urban housing via the public sector.
From table (3-1) and diagram (3-1 A) it will be noted that over the
period 1967 to 1971 public sector investment in the direct develop¬
ment of urban housing has varied between 0, 362% to 0.499% of the
current G. N. P. It will also be noticed that the investment pattern
has been completely erratic. These fluctuations can be explained
as follows:
(1) The government considered investment in the direct development
11 of housing as a social overhead, rather than an economic
investment. Due to this reason, when allocations for housing
are made at thé beginning of a financial year, these allocations
are the first to be cut during the year, when it is found that
there will be a shortfall of general public sector income.
(2) As mentioned, loans for housing depend on a clear title deed
to be mortgaged to the lending institution. Thus loans depend
on the number of clear title deeds which are mortgaged.
This number can fluctuate over a wide range, thus varying the
volume of funds utilised, as loans for the construction of houses.
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It is relevant at this stage to identify what section of the urban
population benefited from public sector investment up to 1971.
Grants to public institutions were used mainly to produce middle and
upper class housing. The rents charged were 239" of the basic salary,
which worked out to about 17% of the gross salary. The period of
occupation was limited to a fixed time, thus enabling a rotation of
tenants, with the idea of giving a greater majority of employees the
benefit of these houses. It must be noted that if these houses were
rented in the open market, the rents would be over twice what is
being presently charged. A few houses have been produced for the
lower income groups as well, and rents in this case are subsidised.
On the other hand, public sector investment in the direct development
of urban housing for the general public was via loans, and the
construction of houses for rent, or rent purchase. In this connection
it may be observed that,
(1) Loans for housing provided through the National housing
fund served only the upper middle and upper income
groups because, (1) land is needed as mortgage security
and (2) the high rate of financing (11%) could only be
afforded by them.
(2) Houses for rent and rent purchase served again, only
the upper middle and upper income groups due to the high
cost of financing. However, at the inception of the fund
the rate of interest was of the order ci 7%. Thus it was
possible to provide houses for the lower income groups
at this stage. Diagram (3-2)5 presents a picture of the
public sector housing gap, with reference to provision
through the national housing fund. This proves the point made.
^
Diagram (3-2) was prepared by using the income distribution obtained
from the 1969/70 Socio-economic survey (Table 30), and computing
rents payable as 10% of income for the lowest income groups, increasing
uniformly to 25% for incomes of Rs 1,000/- and above. The supply
curve was drawn by obtaining data of rents charged by the National




It can thus be observed that the public sector investment in the direct
development of urban housing has helped mainly the upper and middle
income groups. The hump in diagram (3-2) of the 125 to 150 rent
group, and over 250 rent group, supports the point.
From the foregoing analysis, it is possible to make some general
observations, and suggest some policy modifications to future public
sector investment in the direct development of urban housing in Ceylon,
if a positive attempt is to be made toward achieving the target of
investment.
(1) It appears that public sector investment in the direct development
of urban housing has catered mainly for the middle and upper income
grotps, while the heart of the problem des in low cost housing for the
lower income groups. This therefore suggests that future investment
by the public sector in the direct development of urban housing should
as far as possible be aimed at low cost housing for the lowest income
groups, with the hope of nearing the physical target at no extra cost.
(2) It appears that public sector investment in the direct development
of urban housing has not been used as a source of stimulation of
private sector investment. This thus suggests that future public sector
investment should be used more as a stimulant of private sector
investment, rather than how it has been used in the past.
this stimulation could be achieved by the public sector programmes
being geared to the following:
(a) Use of the labour potential in aided self help housing.
(b) Provision of developed blocks of land, to private
individuals who can raise the capital for building from
private resources, either via the public sector or the
private sector.
For Ceylon it has been shown that the cost of the direct development
of urban housing (excluding land costs) can be broken up into1
1
Unpublished data - building materials corporation of Ceylon.
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Table (3-2)






unable to afford an econ¬
omic rent.
2 5.4 72
3 10. 2 61







11 and over 6. 2 -
100. 0 Average 54
Source
Matching Employment Opportunities and Expectations. A programme
of action for Ceylon. Technical Papers, pg. 138. I.L.C>. Geneva,
1971.
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65% materlala and 35% labour. Assuming that the public sector
investment is p% of G. N. P. for a particular year, in the direct
development of urban housing, and that 50%* of this investment is
spent on the provision of complete houses and loans for buildings,
and the balance 50% is used for aided self help housing: the extra
private sector investment stimulated via labour potential will be
given by:
35
px0.5x( —) = 0.27p % of G.N. P.
b5
i. e. p% of G. N, P. as public sector investment will generate
1.27 p% of G. N. P. as total investment of which 0. 27 p% of G. N. P.
is private labour potential, provided 50% of public sector investment
is in aided self help housing. The balance 50% is assumed to be
used to provide houses for public sector employees, and provide
loans for those who have lands to mortgage, or life insurance
policies to surrender. The average investment by the public sector
in the direct development of urban housing from 1967 to 1971 was
0.45%. If 50% of this had been devoted to self help housing, a
further 0.12% per annum of private sector investment could have
keen generated. v
3.4.2.3 Description and analysis of private sector Investment 1967-1971
Investment in the direct development of urban housing by the private
sector has been motivated by two basic reasons:
(1) The desire for home ownership
(2) Profit.
The desire for home ownership has been basically utilised by two
groups of people. They are:
(1) The very rich who own land, and either have ready
capital to invest in the construction of the house, or
are able to mortgage the land and thus obtain a loan
for the purpose of constructing the house.
1
Table (3-2) Urban households who could afford economic rent
of a house 46% of all households.
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(2) The very poor who have constructed illegal houses
on unserviced land, with scrap materials, and their own
labour. This squatter problem is common among most
developing countries. The 1963 census showed that this
type of housing1 constituted about 38% of ail urban
housing in Ceylon.
On the other hand the profit motive has generated a fair proportion of
Ceylon's urban housing. The 1969/70 socio-economic survey showed
2
that 47.7%~ of urban houses were rented. Of these the older houses
are in the form of tenements and are now completely obsolete.
However, the newer houses are large and expensive and could thus be
used mainly by the upper Income groups who could afford the rent
(3ee Table 3-2). Thus private sector investment has not helped the
lower income groups.
Table (3-1), and diagram (3-1A) give details of the private sector
investment in the direct development of urban housing. It will be
noticed from diagram (3-1A) that tho private sector has been consistent
in its investment in the direct development of urban housing. There
has been a tendency for investment to increase with time. As
mentioned a major part of this is for home ownership while the
balance is for housing to be rented. The 1.963 census of Ceylon showed
3
that in the urban areas 156,270 units were rented out of a total of
318,140 units. The socio-economic survey of 1970 showed that In
4
the urban areas out of a total of 349, 030 houses 166,330 were rented.
Therefore we see that of the new houses 32% were rented, the balance
68% being used for owner occupation. Based on the observations
^•The census classified this type of housing as semi-permanent and
temporary.
2
Socio-economic survey of Ceylon 1969/70. Table 46.
3
Census o. peculation and housing 1963. Ceylon.
4
Socio-economic survey of Ceylon 1969A 970. Table 46.
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that the average cost of a house built by the private sector is
apprlximately the same as that of a house built by the public sector,
a
and that in the urban areas the public sector builds equal numbers
3
of housing for rent and ownership, the following facts emerge :
(1) Of the new houses 32% are rented of which the government is
responsible for 22.8% and the private sector 9.2%.
(2) Of the 68% built for owner occupation, the private sector is
responsible for 45. 2%, resulting in an average investment of
0.45% of G. N. P, where the total average investment is 0. 528%
of G. N. P. per annum.
The average cost of a house built by the private sector is low due to
the fact that a large number of the houses are of a semipermanent
nature. This offsets the high cost of luxury houses. This average
cost equals that of houses built by the public sector.
2
"Houses for owner occupation built by the public sector include loans,
and houses built for sale on a rent purchase basis.
3
Calculated as follows:
If the public sector is responsible for (x+y)% of all houses built,
x% being for rent and y% for owner occupation. Then -
100 - (x->y) _ i.i9 . -(l)^FiomNote (1) above, and using
(x*y)
1.19 as the average ratio of private urban to public urban from
line 16, table (3-1).
j =1. -(2). (From note (2) above).
Solution of equations (1) and (2) give:
x = 22.8%, y = 22.8%
/g3-22 8)




It may thus be concluded that future private sector Investment in the
direct development of housing, under any conditions will be at least
0.45% of G. N, P; that is, by those who can afford to invest for home
ownership. Investment for rent will depend on the overall policy of
government, as will be seen later.
Overall it is possible to draw the following conclusions regarding
private sector investment in urban housing up to 1971.
(1)Housing for owner occupation has been by (a) the very rich who
have built luxury houses, and (b) the lower middle class group
who have built semipermanent housing, resulting in an average
investment of about 0.45% of G. N. P.
(2) Private sector investment in housing for rent has been mainly
for the upper income groups, and constituted an average
investment of about 0. 078% of G. N. P.
Taking the above into consideration, it will be evident that the private
sector alone cannot be expected to make any significant contribution
towards solving the urban housing problem. The solution lies in
greater public sector participation, espeically in the field of aided
self help housing for the lowest income groups, and the provision of
developed land, for middle class private individuals who are able to
afford the cost of finance to build houses with, but are unable to
purchase outright the necessary land. This can only be achieved
by lapge scale public sector investment.
3.4. 2.4 Total investment in the direct development of
urban housing (1967-1971)
The two previous sections have been devoted to separate analyses of
the public sector and private sector investment in the direct development
of urban housing. Considering the overall investment pattern,
diagram (3-1A) indicates the total investment as a percentage of
current G. N. P. It will be observed that total investment has incre tsed
3lightly over the years, but has always been less than the required
target of 1.7%. The shortfall is indicated in the diagram. This
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annual shortfall has accumulated over time and resulted in a
tremendous backlog a3 indicated in diagram (3-1R). The backlog
at the beginning of 1972 was approximately equal to an investment
of 7. 57% of the year's G. N, P. at current prices.
To prevent the housing situation becoming worse in the future it
appears that the total investment must reach 1.7%, It was seen
in section 3.4.2.3. that pure private sector investment will be a
minimum of 0.45%. In section 3.4.2. 2. it was shown that if 50
of public sector investment is diverted towards generating private
sector investment in the form of labour, p*% of public sector
investment will generate a further 0. 27 p % of private sector
investment. As seen earlier, pure private sector investment will
not be diverted to the lowest income groups. Thus the investment
target must be reached via the public sector. As will be indicated
later this means the diversion of more private sector resources via
the public sector rather than pure private sector investment.
Therefore, if the total percentage investment in the direct development
of urban housing is given by t^% of G.N . P., than -
t = 0.45 + (1. 27 p) + 6r (3-1)
where p is the percentage of G. N. P. investment by the public sector,
and S-r the percentage of G. N. P. invested by the private sector in
housing for rent.
3. 4.3 An analysis of investment in the direct development of
rural housing, 1967 to 1971
This section is devoted to a brief analysis of investment in rural
housing. This analysis is necessary as will be seen later in order
to develop a policy which on implementation will generate the total
resources necessary for the direct development of housing. It will
be appreciated that both urban and rural housing need resources,
and must thus be looked at together, since resources for investment
originate from the same sources.
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Diagram (3-3A) represents graphically private, public, and total
investment In the direct development of rural housing. The short-
fall below the target of 4.15''7 (section 3. 3. 2) is indicated.
Diagram (3-3B) indicates the backlog of the direct development of
rural housing, and is prepared in a similar manner to diagram
(3-1B) (section 3.4.2.1).
3.4.3.2 Description and analysis of public sector investment
from 1967-1971
In addition to the general pattern of public sector investment in the
direct development of urban housing, though much less, the public
sector invested in the direct development of housing for colonists
in colonisation schemes, and housing for fishermen. In certain
cases housing was of the self help type.
The funds for investment were derived as for the urban sector,
mainly from budgetaiy allocations, and through public debentures
for the national housing fund. The national housing fund concentrated
only on making loans available, and did not construct houses for rent
in the rural areas.
Public sector investment in the rural areas was about the same as
in the urban areas. Similar to the case of the urban areas, public
sector investment has been inconsistent. The reasons for this
are the same as those attributed to fluctuations in the urban areas.
(Section 3. 4. 2. 2)
Apart from providing housing for public sector employees in the
rural areas, the public sector didmtconseiously maximise the
use of the vast labour potential available for self help housing.
As in the urban areas, loans were granted to those who owned
land, or were able to furnish a personal guarantee, while some
slight effort was made to promote self help housing in colonisation
schemes, and fishing villages. Incomes in the rural areas are
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low, and so is the demand for rented housing, thus we cannot expect
the private sector to produce housing for rent. It is thus evident
that future housing in the rural areas should be attacked mainly
on a self help basis, with the idea of maximising the use of the
labour potential, and the use of traditional materials and techniques.
This is possible only by public sector investment.
For future investment in rural housing by the public sector, let us
assume thatjq% of G. N. P. is invested in the direct development of
rural housing. Of this, the proportion that should be invested
in complete houses in the form of housing for government employees
and loans for those who own land is1 25%. The balance should
be devoted mainly to self help housing. For modern housing in the
urban areas we gave a breakdown of costs in terms of materials
to labour as 65% to 35 % (section 3.4. 2. 2). For traditional rural
housing the breakup of labour to materials is estimated at 50% to
50%. Therefore, q% of G.N.P. as public sector investment
generates a further
50
q x (0. 75) x (rr~) = 0. 75 q of G. N. P. as private5U
sector investment
i. e. q% of G. N. P. as public sector investment will generate
1. 75 q % of G. N. P. as total investment, of which 0. 75 q % of G. N. P.
is as private labour potential, provided 75% is invested in aided
self help housing. The average investment by thepublic sector
between 1967 and 1971 was 0. 39% of G. N. P. If 75*% had been
diverted to self help a further 0. 29% of G. N. P. as private sector
investment could have been generated.
3.4.3.3 Description and analysis of private sector investment
(1967 >1971).
What has motivated private sector investment in the direct
development of rural housing is home ownership. The profit
motive has not played an important role, as can be seen from
*This figure is based on incomes above l/24th the minimum cost
of a house, i.e. Rs.6000/= (section 3. 3), and a further Rs. 1500/=
for land. Income distribution table 30 of the socio-economic survey
of Ceylon (1969/70).
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the following figures. The 1963 census showed1 that out of
1,653,600 houses in the rural areas 144,600 were rented, while
2
the socio-economic survey (1970) showed" that out of a total of
1,763,105 houses 115, 710 were rented. This actually meant a
decrease In the number of rented houses over the seven years.
We may thus conclude that private sector investment in the direct
development of urban housing has been mainly motivated by home
ownership up to 1971. This will be a useful guide to evaluating the
future investment by the private sector.
From table (3-1) and diagram (3-3A) it will be noticed that private
sector investment in the rural areas has not been as consistent as
private sector investment in the urban areas. On the average,
•
however, the quantity of priva e sector investment in the rural
areas has been about four times as great as in the urban areas.
It will also be noticed that private sector investment is about six
times public sector investment, in the rural areas, as compared
to approximately equal levels of investment in the urban areas.
The basic and most important reason for this greater level of
private sector investment in the rural areas is the absence of
stringent building codes, which allow people in the rural areas to
(1) use traditional materials and techniques, and (2) use tradition-
3
ally existing standards , and thus produce houses for themselves
that are economically, socially, and culturally satisfying.
""Census of population and housing 1963 - Ceylon
Department of Census and Statistics, Ceylon. Table 22.
2
"Socio-economic survey of Ceylon 1.969/1970 table 45.
q°Some form of standards exist in the rural areas. These standards
have come down from past generations, and though generally
believed to be astrological, are based on scientific principles,
which consider light, ventilation, and monsoonal rain3.
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The foregoing analysis suggests that future private sector
investment in the direct development of rural housing will be
mainly for house ownership, and could be estimated as the mini¬
mum overthe last five years, i. e. 2. 0% of G. N. P.
From diagram (3-3A) it can be observed that there appears to be
a positive correlation between public and private sector investment.
It thus appears that aided self help housing may be mora success¬
ful in the rural areas than the urban areas, where no correlation
seems to exist. Hence, stimulation of future private sector
investment may be given as 0.75 q % of G. N. P. where q% of G. N. P.
is the public sector investment in the direct development of rural
housing, where 75% of q is devoted to aided self help housing.
3.4.3. 4 Total Investment in the direct development of rural housing
Sections 3.4. 3. 2 and 3.4. 3. 3 were devoted to looking separately
at public and private sector investment in the direct development
of rural housing.
The total investment as can be seen from diagram (3-3A> has
followed closely the pattern of private sector investment. Total
investment has always been below the minimum target of 4.15%,
resulting in the backlog as indicated in diagram (3-3B), as a
percentage of the current year's G. N. P. It will be observed
that the backlog at the beginning of 1972 was 17.8% of the year's
G. N. P.
If the future housing situation In the rural areas is not to worsen
then the minimum investment required must be 4.15%. However,
future housing investment will adhere to the following. If the
total investment as a percentage of the current year's G. P. is
given by t , then;
t = 2.0 +(1.75 q) (3-2).
where 2.0% of G. N. P. will be invested purely by the private sector
(section 3. 4. 3.3), and q % of G. N. P. is invested by the public
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sector generating a farther 0.75 q'T of G. N. P. as private sector
investment (section 3. 4.3.2). Note that no allowance has be en
made for private sector investment in the direct development of
housing for rent (section 3.4.3.3).
3.4.4 Total investment in the direct development of housing
Sections 3.4. 2 and 3.4.3 were devoted to an analysis of investment
in the direct development of housing under the headings of urban
and rural. It was observed that overall there has been a shortfall
in each section, resulting in tremendous backlogs. Conclusions
reached on how the private sector would invest in the urban and
rural areas in the future resulted In suggesting the need for greater
public sector investment in order to achieve the respective targets
of investment.
Looking at the future, it can thus be concluded that if targets of
investment are to be achieved for both sectors a minimum total
level of investment of (1. 7 + 4.15) i. e. 5.85'r of current G. N.P.
must be achieved, to prevent a deterioration of the housing situation,
and that If a complete solution to the problem is to be found the
level of investment as at 1972 must be increased by (7. 57 +17. 80)
i.e. 25.37% of G.N. P.
It was shown in section 3.4. 2.4 that the level of investment in tho
urban sector can be expressed as t of G. N. P;
where t = 0.45+(1. 27p) + (3-1)
and in section 2. 2. 3.4 that the level of investment in the rural
sector can be expressed as t % of G. N. P.;
where tr = (2. 0 + 1. 75q) (3-2)
Therefore the total level of future investment can be expressed as t
where t=t +t (as % of G. N. P.
u r
t = 2.45 +1. 27 p +1. 75 q +£r (3-3)
where public sector investment = (p + q) % of current G. n. p. and
private sector investment m (2.45 + 0. 27 p + 0.75 q< + )
in which S"T is the private sector investment in rented housing in the
urban areas.
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BREAKDOWN OF INVESTMENT IN DIRECT DEVELOPMENT OF HOUSING

















As per 5 year (a) 51. 0 7. 0 25. 0 3. 57 57. 0 140. 0 1.41
plan (b) 0.42% 0. 06% 0. 21% 0.47% 1.16% -
Probable - (c) 51. 0 7.0 3.8 0. 54 54. 0 115. 8 0. 99
(d) 0.42% 0.06% 0.03% 0.45%<3> 0. 96% -
Table (3-3B) Rural
As per 5 year (a) 29. 0 12.5 45.5 3.64 273. 0 360. 0 7.2
plan (b) 0. 25% 0.10% 0.38% 2.28% 3. 0% -
Probable - (c) 29. 0 12.5 12.5 1.0 240. 0 294. 0 6.1
(d) 0. 25% 0.10% 0.10% h2.45
u
Table (3-3C) Overall (Urban and Rural
As per 5 year (a) 80. 0 19.5 70.5 3. 6 330. 0 500. 0 4. 0
plan (b) 0.67% 0.16% 0.59% - 2. 75% 4.17% -
Probable - (c) 80. 0 19.5 16.3 0. 84 294. 0 409. 8 3.12
(A) 0. 67% 0.16% 0.13% - 2. 45% 3. 41% -
Note (1) Amounts in Rupees million.
(2) Percentages given are amounts expressed as a percentage of
projected G. N. P. for 1972 is Rs. 12, 000 million (current prices)
(3) Probable based on author's calculations, using conclusions reached
in section 3. 4.
(4) The above data was obtained from the Ministry of Housing and
Construction, Ceylon.
*
This includes self help and co-operative housing.
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3.5 A critical appraisal of investment ín the direct development of
housing as envisaged in the five year plan (1972-1976).
At the end of 1971 the government proposed a five year development
plan covering the period 1972 to 1978. Investment in the direct
development of housing was to be Rs. 500 million in 1972 increasing
to Rs. 625 million in 1976, of which 80% was to be by the private
sector and 20% by the public sector.
The previous section was devoted to an analysis of private and public
sector investment in the direct development of housing till the end of
1971. These conclusions wül now be used to appraise the investment
proposed within the five year plan.
3.5.1 Investment in 1972
• —1
Table (3-3) indicates the Investment pattern proposed for 1972 in the
five year plan, in line (a) of each of the tables. Line (b) indicates the
investment as a percentage of the projected G. N. P. for 1972.
Comparing the proposed investment with the past as indicated In table
(3-1) and the conclusions reached by section 3. 4, line (c) and line (d)
which represent the probable level of investment, are presented, from
which the following observations can be made.
3. 5.1.1Urban housing
In the direct development of urban housing it will be observed that:
(1)The public sector has made a slight reduction in its investment,
as compared to the previous years.
(2) The plan proposed greater co-operation between the private and
tho public sector. It expected a goncration ratio (Private/Public)
of 3.57. This wa3 expected to come via self help housing.
However, it was observed in section 3.4.2. 2. that the maximum
generation ratio that can be expected in the urban areas is 0. 54.
This results in a Rs. 3.8 million private sector investment for
a Rs. 7. 0 million public sector investment, rather than the
expected Rs. 25. 0 million.
1
Generation ratio is defined as the ratio of tho cost of labour generated in
self-help or private funds to the cost of matorial3 and machines provided
by the public sector, i. e. 65% materials and 35% labour is equal to a
generation ratio of 0.54, while 50% materials and 50%n labour is equal
to a generation ratio of 1.
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(3) A pure private sector Investment of Rs. 57 million or 0. 47%
of G. N. P. was expected. This is lower than the past, and is
understandable due to three recent policies that will change the
pattern of private sector investment. They are:
(1) The imposition of a stringent rent control act, which
not only controls rents, but gives the tenant virtually
absolute security of tenure.1
(2) The announcement that there Is to be a limit on the
ownership of houses. This law will allow one house for
a man, one for his wife, and one for each child over
18 years of age. 2
(3) The announcement in the 1971 and 1972 budget proposals
that incomes are to be limited to Rs. 2000/= per month,
excluding savings. The excess is to be collected in a
compulsory savings fund. 3
Policies (1) and (2) will result in a drastic cut in the rate of private
sector invest uent In housing for rent. Policy (1) will further create
a lethargic attitude among existing tenants towards building their own
house, due to the virtually complete security of tenure. These arguments
have also been supported by Jose Fonseka^(1970), and V allace F. Smith'5
*
Rent Act No. 7 of 1972 - Parliament of Ceylon - Date of Assent
March 1, 1972. Ceylon Government Fress.
2
"Ceiling on housing property law No.l of 1973, of the national state
assembly. Certified on 13th January 1973. Sri-Lanka Government
press.
*In force from 1.4.73. (Budget 1973/74)
4
Housing finance in developing countries - Paper presented to the
30th world congress of I. F. H.P., Barcelona, Spain, 1970, pages 21-22.
5
Housing - W allace F. Smith, page 12.
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Policy (3) will further cut down any investment in housing, because any
excess that would have been available would have been diverted into
the compulsory savings fund.
hus with the present policies, one could only expect investment by the
private sector in the direct development of housing in Ceylon to be:
(a) The construction of a house for owner occupation",,
by those who either have the land and capital, or are
able to raise the necessary finance.
(b) The labour potential that will be diverted into aided
self help housing.
In section 3.4. 2. 3. it was shown that pure private sector investment
would be 0.45% of G. N. P. in home ownership, while any excess would
be for rental. It could thus be concluded that due to the new policies
the rental component will be zero, leaving a minimum level of investment
of 0.45% i.e. the 54. 0 million (Note (2) table 3-3),
(4) Overall an investment pattern a3 shown in line (c) of table (3- 3a) could
be expected. This indicates a total investment of Its. 115. 8 million,
or 0. 96% of G. N. P. rather than the total expected in the five year
plan of the 140. 0 million or 1.169? of G. N. P. r rom diagram (3-1A)
it will be observed that this will be a drop in investment rather than
an increase. It is also seen that with this drop in private sector
investment the overall ratio of private to public will drop to 0. 99
rather than increase to the expected value of 1. 41.
(5) This therefore suggests that future investment levels can only be
raised by greater public sector investment, rather than dependence
on private sector investment. As shown in section 3. 4. 3. 2, at
least 509 of public sector investment must be diverted to aided self
help housing. It must also be noted that as defined in Chapter 1,
1
This conclusion has been supported by the special committee on Housing
in Ceylon (1970). pg. 33, para. 124 of the interim report "Rental
housing" states 'We have endeavoured to make various recommendations
which in total amount to making the best of a bad situation. As far as
future housing is concerned, it would be unrealistic to expect the private
sector to contribute towards rental housing on a commercial scale,
as it will no longer be possible to charge economic rents due to the
high cost of land and building. The only houses we could reasonable
expect to be constructed are those which people will need for their
own Immediate occupation.
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public sector investment does not mean the investment of public
sector resources alone, but a diversion of otherwise dormant
private resources through the public sector into the direct develop -
ment of housing.
3.5.1.2 Rural housing
It is necessary to look briefly at the proposed Investment pattern
in rural housing, as proposed in the five year plan in the light of
the previously mentioned policies.
The major error in the proposals seems to be once again in the
over-estimation of the generation ratio. The proposals envisaged
a ratio of 3. 64, while we showed in section 3.4. 3. 2 that the
maximum ratio will be 1.
Further, as shown in section 3.4.3.3, private sector investment
in rural housing for rent is practically zero. Therefore it can
be concluded that the rent control act will not affect the rural
sector, this will thu3 eliminate the effect of limit on income,
and ownership of houses.
Overall, using the minimum level of investment of 2. 0% of G. *«T. P.
by the private sector, as derived in section 3. 4. 3. 3, it is possible
to compute values for line (c) of table(3-3R). ">ue to the over
estimating of the generation ratio, it is seen that the overall ratio
of private to public will be around average, i.e. 6.1 as compared
to the 5 year plan value of 7.2.
One basic conclusion that can be reached is that if the target of
investment is to be achieved greater public sector investment is
needed, and that yia aided self help housing, rather than pure
private sector investment.
3.5.1.3 Total investment in the direct developing of housing (1972)
Overall it is observed from table (3- 3C) that investment proposals
for 1972 envisaged a larger private sector participation in the
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direct development of housing. However, overall government
policy seems to have negatived the objective of the five year plan.
Thus on the whole the overall level of investment will be about the
same as the past, if not less.
3.5.2 Investment from 1973-1976
Analysis in section 3. 5.1 has shown that overall the policies of the
five year plan have not increased investment in the direct develop¬
ment of housing, the main reason being, discouragement of private
sector investment by implementation of the policies of rent control,
limit on income, and limit on the ownership of hou ?es.
'' here are two way3 of increasing investment in housing in the future.
They are:
(1) Removal of all restrictions and thus encouraging private
sector investment
or
(2) Greater public sector investment.
In general it was observed that for rural housing, what is needed is
greater co-operation between the public and private sector via
methods of aided self help housing, section 2. 5.1. 2. Policies
implemented affected mainly urban housing, and thus the following
section is devoted to establishing a basic need for public sector
investment in the direct development of urban housing in Ceylon.
3,6 i he need for public sector investment in the direct
development of urban housing in Ceylon
In section 3. 4. 2.4 It was shown that future investment in urban
housing could be govered by th equ »tion,
t = 0.45 + (1.27p) + St (2.1)
It was also shown that government policy will make St —^ O.
Thus, there are two alternatives to achieving a solution. They are:
(1) Alter government policy so that Si" is increased,Heaving
(C) p at its present value,
or (2) Increase p, retaining existing policies which make St—o .
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If the policies of rent control, limit on income, and limit on the owner¬
ship of houses were relaxed, there would be a reversal back to ore 197?
conditions, i. e.
(1.) Construction of houses by the private sector for rent. hese
houses would be mainly for the upper Income groups, section
3.4.2.3.
(2) Insecurity of tenure and thus a greater urge for people to build
their own homes.
(3) Cut in savings and an increase in consumption, which is not
advantageous to economic growth.
(4) Social unrest and political Instability created by rents being
beyond the financial capacity of the lower and middle income
groups.
(5) The construction of a few luxury houses, rather than more
low cost houses, with the same level of investment.
The only advantage appears to be from (2) above, while the major
disadvantage is from (5) above. This suggests that the future urban
housing situation in Ceylon cannot be improved by encouraging the
private sector. The solution lies in greater public sector investment.
It may thus be concluded that the existing policies should not be relaxed,
excepting for a slight alteration in the rent control act, which will reduce
the security of tenure. Therefore, for all practial purposes &T may
be treated as zero.
Future public sector investment in the direct development of urban housing
in Ceylon must also be guided by the equation
t = 0.45 + 1.27p
u
where the value of p is die value of public sector investment expressed
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as a percentage of current G. N. P., and t the total investment
required expressed as a percentage of G. NT. P. p will be guided by
the condition that 50# should be in aided self help, and 50# in the
construction of complete houses.
The value of t must be at least equal to 1. 7# is.the minimum
u
required to prevent the present situation deteriorating. It thu ;






An analysis of past investment patterns in the direct development of
housing in Ceylon (Chapter 3) has indicated that private sector
investment alone will not achieve the targets of investment required
to solve the country's housing problem. This led to the conclusion
that if the targets of investment were to be achieved in the future
there was a need for more public sector investment, which would
result in total investment patterns governed by the following models
for the urban and rural areas respectively. The models are:
(1) t = 0.45 + 1.27 p
u
where t is the total investment in the direct development of urban
housing expressed as a percentage of current G. N. P., and p the
public sector investment expressed as a percentage of current G. N. P.
The model is subject to the condition that 50% of p is devoted to aided
self help housing.
(2) t = 2. 0 + 1.75 q
where t is the total investment in the direct development of mral
housing expressed as a percentage of current G. N. P., and q the
public sector investment expressed as a percentage of current G. N. P.
The model is subject to the condition that 75% of q is devoted to
aided self help housing.
Ceylon like most developing countries suffers from a tremendous
scarcity of resources. The targets of investment to be attained, if
a positive effort to solve the housing problem is to be made, have
been defined in Chapter 2. The basic question that arises then is -
how can the necessary resources be raised, and what time period
would elapse before the supply of housing will be sufficient to meet
the requirements?
This chapter is thus devoted to developing a model for financing the
direct development of housing in Ceylon, with special reference to
public sector investment in the urban areas.
The model will indicate the sources from which the resources can be
drawn, and indicate the time period before the current requirements
can be met, followed by an indication of the time period for clearing
the backlog. The base year used is 1973.
Meeting the annual requirements of resources
Targets worked out for current requirements in Chapter 3 indicated
that to prevent a worsening of the situation the urban areas needed
1.7% of current G. N. P. while the rural areas needed 4.15'' of
current G. N, P. per annum. Substituting these values in the models
given in section 4.0, the public sector investment required could be
estimated.
Therefore, public sector investment required is*:
(1.7 - 0.45)/(1.27) = 0.99 " for the urban areas,
and
(4.15 - 2.0)/(l. 75) = 1. 23T for the rural areas
in a ratio of (p/q) = (0.99/1.23) = 0.805.
Hence, the total level of public sector investment should be 2.22% of
G. N. P. in the ratio 0. 805:1 for urban to rural, and 50% of the urban
investment should be in aided self help housing, while 75% of the
rural investment should be in aided self help housing.
From Table 4, Appendix II, of the report of the Central Bank of Ceylon
for 1971 it is observed that the G. N. P. in 1963 at current factor cost
prices was Rs.5893.3 million, and in 1971, Rs.11,828 million.
The rate of increase can be approximated to a linear form resulting
in an average rate of increase of 8.4% per annum over the period.
Therefore, the G. v. P. at the base year of 1973 can be estimated at
Rs.12,800 million (current prices). Using 197? as the base year
* Substituting target values In the two bask equations of the model.
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and an average rate of increase of 8 (li near), the G. >T. P. at year
(1973 + n) will be given by
Gn = 12,800 (1 + ~~) (4-1)
where G is at 1973. G is in Rs. million,
o n
If the public sector investment required is P , where P^ = 2. 223?
of G :
n
Then P = 284 (1 + 8n ) (4-2)
" ÍÖÖ
where P is in Rs. million,
n
The question that arises now is: from where can the necessary
resources be obtained? From equation (4-2) we see that
n = ( Pn - 1 ) 100
284 8
i. e. if the public sector can invest Rs. 284 million in 1973 it can meet
its current requirements. However, as is seen from the 5 year plan
the level of investment anticipated was around 106 million, i. e.
0.83 of G. N. P. It thus appears that additional resources to finance
the direct development of housing, via the public sector, have to be
found. i tilowing is a suggested model of financing, that will attain
the level of investment required.
4.1.1 ; he use of existing sources of finance
The proposed public sector investment according to the 5 year plan
is 0. 83r of G. N. P. \ Assuming that this investment will not b
reduced, and that this comes from the existing traditional methods
of financing, an amount of x 12,800 (1 + ®*L_) million nqjees
100 100
is assured, i. e. 106 ( 1 + fflL ) .
100
It is therefore necessary to find a balance of (284 - 106)(1 +.®? )
100
= 178 (1 +_8n)
100
This balance is financed as follows.
1
Table (3-3c) (0.67 + 0.16) = 0.839?
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4.1.2 j he use of compulsory savings
It is not possible to divert further public sector resources.into
housing due to the fact that the annual budget is already run on a
deficit1. This deficit has been financed by domestic and foreign
borrowing. The only alternative left is to create more private
savings. Ceylon already has an existing system of "compulsory
savings
It therefore appears that one of the available sources of finance for
the direct developing of housing via the public sector is to utilise
the compulsory savings generated.
\
The diversion of these private sector savings into housing has
tremendous advantages, the most important being the investment of
private sector resources in low cost housing, thus the advantage
of rent control, limit on incomes, and limit on the ownership of
houses.
Many authors have suggested the creation of savings systems
whereby the small scale saver can be guided towards investment in
housing. This will be useful in an environment where it is possible
to save, i. e. where the cost of living is low when compared to
income. But in Ceylon, where wages are hardly sufficient to meet
the basic costs of living this system will not be practical.
Compulsory savings are based on the income tax payable, and have
been estimated as a percentage of income tax. The only guide
available since the Act was passed in January 1971 is that the
estimated savings was Rs.40 millior? and income tax in that year
(1971) was Rs.444 million, i.e. 9. 2T.
1See Table 36 - Appendix n - Report of the Central Bank of Ceylon
for 1971.
2
Compulsory Savings Act, No. 6, of 1971. Date of assent 29.1. 71.
page IV, Appendix I, Report of the Central Bank of Ceylon 1971.
3
Report of the Central Bank of Ceylon for 1971.
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Thus a safe level of 9. 0% of income tax, as a guide to estimating
future compulsory savings, may be assumed.
Income tax increased from Rs. 281. OF. in 1962 to Rs. 444.1 million
in 1971. Assuming a linear rate of increase it appears that income
tax increases at the rate of 5.85%. Assuming a safe rate of 5. 0%
(1973 onwards) since future tax proposals are unpredictable, and
using the rate of 5.85% to estimate income tax for the year 1973,
(i.e. 281. 0(1 -t- 5.85 x 11) = Rs. 462 million) the income tax at
100
year n, i. e. n years after the baseyear, would be given by:
1 = Rs.462 (1 + 5 xn ) million.
n
100
Compulsory savings which would be 9% of T would be given by
n
C = Rs. 41.53(1 +5n) million (4-3).
n
100
It was shown in section 2.4.1 that the balance required was
Rs. 178 (1 + 8n ) . If the above savings C are used to finance
100 n
this deficit, then
C ^ 178(1 +8n^, i.e. 41.58 (1 +5n_) ^ 178(1 + 8n^
100 100 100 .
From these equations it is seen that the reverse condition exists
for n^° • compulsory savings are initially insufficient,
and the gap increases with time. This thus necessitatesa further
source of finance.
4.1.3 Diversion of provident and pension fund savings, by
gradual removal of food subsidy
Since a further source of finance is needed, it appears that the only
source would be the diversion of other savings such as pension and
provident funds into the direct development of housing.
j
Table(4-1) CurrentandpitalExpendi ureofthGov rnme tCeylo1966/6770/71imill o sru e 1966/671967/68 (1)Total (2)Health12824.6 189.3 (3)FoodSubsidies465.5 (4)OtherSubsidies121.8.%of(1) 100 6.7 16.4 0.8of(1) 3152.6100 220.67.0 578.16.4 31.61.01968/699 70
%of(1)
3578.1100 247.56.4 625.217.5 48.41.
3916,5100 273.6.9 574.314.4 48.51,2
1970/71
%of(1)





It was mentioned earlier, as can be seen from the report of the Central
Bank of Ceylon, that these savings have already been utilised for
financing the budget deficit. It therefore appears that the only
solution lies in a gradual reduction in food subsidies and a diversion
of an equivalent amount of savings presently borrowed into the
direct development of housing.
Subsidies, especially food subsidies, have been one of the major
setbacks to Ceylon's economic development. r able (4-1) shows an
average budgetary allocation of 15% on food subsidies, and 6. 5% on
a free health service, while other subsidies including a minute
proportion for housing subsidy constituted about 1.4% of the annual
budget.
From diagram (2-2) it will be seen that the gradual removal of the
food subsidy will result in more employment, thus reducing the
necessity for it. This view has also been taken in the I. L.O. report,
A programme of action for Ceylon, quote1: "While we are well
aware of the social value of the rice subsidy, cutting it is the only
way to finance a programme that would markedly reduce unemploy -
ment. It is a direct stimulus to consume one of Ceylon"s leading
imports".
Further investment in housing, we saw, will eliminate the related
social problems of the population, and will thus result in a cut in
expenditure on health services, and the establishment of social and
political stability, which is necessary for economic development.
Hence housing has to be viewed from the aspect that it is economically
more beneficial than a subsidy, provided it is aimed at those who will
2
benefit from it, i.e. "the urban slum dwellers". To quote again
from the I. L. O. report, "Essentially, rice subsidies are a less
effective form of welfare than a combination of more selective
*page 205, para.696.
2
page 205, para. 697.
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payments to those in need and measures to eliminate chronic
unemployment. To switch money purposefully to these objects
would increase welfare, not reduce it. And if general sacrifices
have to be made to meet an emergency, such as the present payments
crisis, it is surely better and more effective to sacrifice this, than
to cut back on social services".
On the other hand the issue is highly political and if the food subsidy
is to be removed it must be phased over a period of time.. For the
purpose of this model, a phasing period of ten years is tried out,
starting in 1973, i. e. a reduction of 1(T in the annual estimated
subsidy over a period of ten years. Using this, the following
expression can be formulated.
The annual budget has increased approximately in a linear fashion
over the years1 1962 to 1970. he average rate of increase was
10 ". Thus the budget as estimated for 1973, the base year, would
be Its. 5050 million. The budget at year n could then be approximated
to -
B = 5050 (1 + lOn ) (Rs. million)
n 10Ö"
Food subsidy estimated at 16 " of the budget in year n would be
given by -
S
n = 16% of B = 810 (1 + lOn )
n
100
Using the proposal that subsidy was to be reduced by 10"" starting
from 1973 this subsidy reduction in the nth year after base year
would be (n + 1) T.0% where n 9.
It follows then that an amount °f Sn will be reduced
in the nth year's expenditure on food subsidy; thus this amount of
borrowing from provident and pension funds could be released for
housing. If this is H , then:
n
II = 81 (1+1 On (n 1) (Rs. million) (4-4)
n 1ÓÖ
1
Report of the Central Bank of Ceylon for 1971. Appendix n. Tab. 36.
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Table (4-2). Proposed Investment in the direct development of
housing. Ceylon 1972-1976
Ratio Pub. urban/pub. rural = 0. 805
Invest. % of
G. N. P. (current)
1972 1973 1974 1975 1976




0.45 0.45 0.45 0.45 0,45
2.00 2.00 2.00 2.00 2.00
Pure Private
i Public ) ,
„ . ' urban
Private)
Public ) ,' rural
Private)
0.06 0.33 0.40 0.49 0.57
0.03 0.18 0.21 0.26 0.31
0.10 0.62 0.72 0.91 1.06
0.11 0.62 0.72 0.91 1.96
Joint public and
private.
50% S. H. in urban
areas G. R. =0.54
and 75% in rural
areas G. R. -1. 0
Public urban
Public rural
0.42 0.32 0.40 0.49 0.57







3.42 4.72 5.16 5.81 6.37
5.85 5.85 5.85 5.85 5.85
2.43 1.13 0.69 0.04 -0.52
25.371 27.80 28.93 29.62 29.66




(1) Existing backlog 25. 37% of G. N. P. at 1972. Diagrams (3-1B) and (3-3B)
(2) G. R. is the generation ratio.
(3) Investment for 1972 as per tables (3-3A) and (3-3B), line (d).
(4) For 3^. n ^ o , total public sector investment estimated from
0.83 + | 41.58 (1 + 5ri ) + 81 (1 +10n ) (n + 1)1 100/12,800(1 + 8n) II 100 2 100 J / lOOj
where 12,800 (1 +_8n) is the G. N. P. at year n, current prices.
100
(5) The total investment is broken down into urban/rural in the ratio 0. 805,
of which for urban areas 50% is in joint public-private investment with
a generation ratio of 0. 54, and for the rural areas 75% is in joint
public-private investment with a generation ratio of 1.
(6) Pure private sector investment as per conclusions in Chapter 3.
87.
Therefore (C + H ) must be 178 (1 ->■ 8h) If
"
100
the current level of Investment required is to be attained.
i.e. 41.58 ( 1 +5n_ ) +81(1 + 10n)(n+l)^ 178 (1 +8n )
100 1 00 1 00
Solution of this gives ; "^0. 65^' i.e. n =1 in 1974.
However, due to the scarcity of resources in the country, the chances
of diverting the total saving as a result of the gradual elimination of
the food subsidy are remote. It may be more practical to assume that
only 50% of this saving will be available for the direct development of
housing, which results in altering equation (4-4), giving
41.58 (1 + 5^ ) + 81 (1 +1On ) (n +1) 178 (1 + 8n_ )
100 100 ^ 100
solution gives n ^ 2. 33 i.e. n = 3, i.e. 1976.
Table (4-2), prepared by using the above conditions, shows the annual
investment from 1972 to 1976. It will be observed that between 1975
and 1976, the current level of investment required could be reached,
and that by 1976 the problem of clearing the backlog can be approached.
For a graphical representation see diagram (4-1).
4.4.2 Clearing the backlog
In section 4.1 it was shown that the current level of investment required
could be achieved at the end of the five year plan, i. e. in 1976, subject
to the method of financing and policies developed being adopted.
From diagrams (3-1B) and (3-3B) it will be observed that the backlog
at the beginning of 1972 was 25.37% of the G. N. P. (current). From
table (4-2), it is observed that the backlog increases up to 29.66% of
the current G. N. P. by the end of 1975, and reduces to 29.14% by the
end of 1976. ft thus follows that the continued use of the same system
of financing and the same policies after 1976 will begin to reduce the
existing backlog. However, this system cannot be utilised for an
A





Public)TT,'Urban Private) Public). ,̂'RuralPrivate)
0.657098691.03 0.35843756 1.21944579 1.21944579





6.937 24.8359 0268 5.85.85
Seenot sitabl (4-$)f°rmethodof estimation âs
Backlog ExistingBacklo TotalBacklog
-1.0839972 50-3.183 29.148 066 674 702 21 3 28.066. 74702 2019.035
Beginningofyear Endofyear
indefinite period. This is because by the end of 1982 the food subsidy
would have been done away with completely, and invariably because
there will be a limit to the % of G. N. P. that can be diverted into the
direct development of housing. This limit depends on the overall
economic development plan for the country. It appears that in the
Republic of Ireland 12% of G. N. P. is being diverted into housing. A
reasonable level of investment for Ceylon will be 10% of G. N. P., till
such time as the backlog is cleared , and thereafter a regular invest¬
ment of 6% of G. N. P. Using this as a basis, table (4-3) is presented,
indicating investment from 1977 to 1982 as a percentage of current
G. N. P.
From table (4-3) it is observed that at the end of 1982 when the
food subsidy has been abolished, most savings currently being used
for other purposes would have been diverted into the direct development
of housing, achieving 9.68° of G. N. P. as investment in that year.
The backlog at the beginning of 1983 would then be 15. 20'' of G. NT. P. (1983).
From 1983 onwards, investment will be governed by the following,
expressed as a percentage of current G. N. P.
1) From private resources via the private sector 2.45%.
2) Diversion of compulsory savings, 41.58(1 '* 5n) /l2,80 ) (1 + 8n ).
„via the public sector. 100/ 100
3) Traditional public sector investment was 0.83r up to 1982. Let
us give this a variable value of P%, 1983 onwards. (From
traditional sources, mostly budgetary).
4) Diversion of provident and pension funds via the public sector may
then be assumed as a variable S% of G. N. P.
(2), (3) and (4) will be divided between rural to urban in the ratio 1:0. 805,
of which in the urban areas 50? will be for aided 3elf help with a
generation ratio of 0.54, and in the rural areas 75% will be for self help
with a generation ratio of 1. 0. Also (P + S) = (p + q).
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The theory is then based on the statement that the total investment
must be equal to 10% of current G. N. P. for n^ 10. Of this, for
each year 5.85 will be needed to meet the current requirements,
while the balance is diverted to clear the backlog of 15. 20% existing
at the beginning of 1983. We may then write the following conditions,
which are represented by equations.
(1) The total investment must be equal to 10'v of current G. N. P.
where (P 4 S) = p + q and~^~ = 0.805, applied to
equations of basic model, section 4. 0 .





+ P + S ('1 + x o.75xl + 0.805
1.805 1.805
x 0. 5 x 0. 54)
must be equal to 10
i. e. [*41.58(1 4 5n ) /12,899 (1 4 8n )| 4 (P + S) = 4. 94 . . . .(4-5).I 100/ 100J
This equation becomes a policy decision making condition, i. e. at
the beginning of each financial year from 198.° savings can be
estimated i.e. ft>%, and the value of P can then be decided, on
the requirement of a total investment of 10% of G. N P.
(2) Since out of the 10: , 5.85% will be used for current requirements,
then, 4. lő"' can be utilised for meeting the backlog, i. e. 15.20%
from 1983 onwards. This therefore results in a complete
clearance of the backlog by the end of 1986 - see diagram (4-1).
4.2.1 Public sector investment after 1986
After 1986 equation (4-5) above will become:
[41.58 (1 4J5n) / 12,800 (1 4 8n )1 4 (P 4 3) = 2. 32 ... . (4-6)100 / 100J
which can be used for policy decision making thereafter. It may even be
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possible to eliminate P , thus excluding the use of public resources, and
thus utilising pure savings for public sector investment in the direct
development of housing, after 1986. Out of a total public sector
investment of 2.32" of current G. N. P. 1. 079' must be in the urban
areas with 50% in self help, and 1. 25 must be in rural areas with
75% in self help. See diagram (4-1).
The financing of urban land costs
The discussion so far has centred around raising the resources for the
construction of houses, with basic infrastructure. However, an
important consideration from the urban point of view is financing the
cost of land.
Urban land in Ceylon, like any country, is a costly item in planning a
housing programme. From the foregoing discussions an obvious fact
that emerged is that resources for the construction of the houses alone
is difficult enough to raise, how then can resources for land costs be
raised. There are two possibilities. They are -
(1) The use of state owned land, and
(2) Acquisition of private land, payment for the land being spread
over a long period.
Considering the first possibility: the Government owns a fair proportion
of undeveloped as well as developed urban land in Ceylon. Therefore
the solution lie3 in using this land before any private land is acquired.
This has two benefits -
(1) It doe3 away with the need to raise the resources necessary
for land costs.
(2) If the land is used for housing, the rent or sale value
generates income to the government.
?
-o
However, due to the availability of insufficient state land, or its location,
it may be necessary to acquire either undeveloped private land, or
private land on which the development is obsolete,and can therefore be
redeveloped. The existing practice has been to have these lands valued
by the Government valuer, and pay for the acquisition in cash. This
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means the diversion of already scarce resources to purchasing land,
which results in less houses being built. To overcome this problem,
the cost of the land should be paid for in terms of government bonds1
redeemable after a fixed period of time. The time can be related to
the time over which the prospective tenant pays for the land. The
face value of the bond may be such that it includes interest at a
specific rate on the original value of the land. This system will thus
give the government the advantage of developing housing without
meeting he cost of land directly. A system such as this could only be
operated effectively by the public sector, and thus reinforces the
arguments for public sector investment in the direct development of
urban housing.
4.4 Conclusion
In conclusion, the main arguments are summarised, which prove that
if a solution to the urban housing problem is to be achieved, it can
only be done mainly by public sector investment with a little co¬
operation from the private sector, rather than pure dependence on the
private sector.
On analysing investment patterns in the direct development of urban
housing (Chapter 3) it was seen that the public sector, considering it
as a social overhead investment, did not maintain a consistent level
of investment, while on the other hand the private sector maintained
a fairly consistent level of investment of which around 0.45 ' of
current G. N. P. was in housing for owner occupation. It was seen that
both the public and private sectors had concentrated on investment
for the middle and upper income groups, while the heart of the
problem was "housing for the low Income groups". Together the
investment fell far short of the target of 1.7% of the G. N. P., resulting
in a backlog of 6. 25r' of G. N. P. (1970).
This system was adopted successfully when the bus companies in
Ceylon were nationalised.
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In 1971 the five year plan was proposed. However, it appears that
not being aware of investment patterns in the past, too much emphasis
was placed on private sector investment. As shown in section 3. 5,
the plan would not achieve any significant increase in the level of
investment. One of the main causes was the fact that the policies of
rent control, limit on ownership of houses, and limit on incomes,
conflicted with the objective of greater private sector investment in
the direct development of urban housing.
There were then two courses of action to be taken from 1973 onwards
if a solution to Ceylon's urban housing problem was to be found. -
Either do away with the conflicting policies and encourage the private
sector, or retain the policies and have greater public sector investment.
On the basis that the first alternative would result in reverting bade to
the pre 1972 conditions, which meant housing for the middle and upper
income groups, ignoring the low income groups, it was rejected. 1 his
left the only other alternative, i. e. greater public sector investment.
From the past it was shown that if public sector Investment was to
effectively solve the problem, it had to act as a stimulant to private
sector investment from the lowest income groups. This meant that at
least 50^ of the public sector investment should be in aided self help
housing.
Once it was established that if the problem was to be solved it was by
public sector investment, the question of resources arose A target
of 1.79 of G.N. P. for current requirements, and a target of 8.5° of
G. N. P. (1973) for clearing the backlog had to be achieved for the
urban sector alone. One fact that arose was that the financing of
urban housing cr uld not be considered in isolation, it had to be treated
with rural housing. Thus the financing model presented in this chapter
was tried out.
The main features of the model were that it accepted certain
minimum levels of private sector investment for owner occupation,
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and traditional methods of financing as envisaged in the £ ive year
plan. The extra resources needed could only be drawn from private
sector resources, due to the scarcity of public rescurces. Thus the
sources utilised were (1) compulsory savings and (2) diversion of
provident and pension funds into the direct development of housing,
by a gradual reduction in food subsidies. The model had two main
advantages, viz.
(1) The diversion of private resources into housing for the
lowest income groups via the public sector, and
(2) The removal of rice subsidy, which has stunted Ceylon's
economic growth for more than the last twenty years.
On the basis of this model it was shown that the annual levels of
investment required could be achieved by 1976, find the backlog
cleared by 1986. This included both urban and rural housing. It
was also seen that after 1986 the annual level of investment may
be achieved by the use of savings, rather than the diversion of
public resources into housing.
Finally, the question of urban land costs was considered, where it
was seen that the system of payment via government bonds would
remove the burden of immediate payment cf land costs, and that
in the long run the ?Jublic sector would only act as an agent for the
new tenant to pay the original owner for the land over a fixed period
of time.
Thus overall the solution to Ceylon's urban housing problem lies
mainly in public sector investment, proving "the need for public
sector investment in the direct development of urban housing in
Ceylon. "
PART III TOWARDS ACHIEVING THE OBJECTIVES OF
PUBLIC SECTOR INVESTMENT IN THE DIRECT
DEVELOPMENT OF URBAN HOUSING IN CEYLON.
THE NATIONAL SCALE.
CHAPTER 5. Maximising Employment Generation and Minimising
Foreign Exchange Consumption.




Maximising Employment Generation and Minimising
Foreign Exchange Consumption
5. 0 Introduction
In Chapter 2, section 2. 5, it was seen that one of the objectives of public
sector investment was to ensure that the investment produced economic
growth and that this growth was the maximum possible.
The discussion in section 2.5.1 showed that investment in the direct
development of housing would generate economic growth provided
objectives (1) and (2) , viz. that the standards must satisfy socio-economic
levels of the population and that these standards must be provided at the
minimum physical costs, are achieved. It was also seen that the two
variables that affected the rate of growth were the marginal employment
generation, and the marginal consumption of foreign exchange via the
investment. Hence, it was concluded that in order to maximise economic
growth marginal employment generation must be maximised, and marginal
consumption of foreign exchange must be minimised.
The purpose of this chapter, therefore, Is to analyse the generation of
employment and foreign exchange consumption via investment in housing.
This will be accomplished by building and analysing a theoretical model
of employment generation and foreign exchange consumption leading to
broad policies necessary for the maximisation of marginal employment
generation, and minimisation of marginal foreign exchange consumption.
The theoretical model will then be applied to public sector investment
in the urban areas of Ceylon, for which detailed policies will be formulated,
which must form the basic framework within which a detailed urban
housing programme can be formulated.
5.1 A theoretical model of employment generation and foreign exchange
consumption via Investment in the direct development of housing.
The model developed here is general and applicable to both urban and
rural areas.
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In general investment in housing generates a need for labour, materials
and machinery. The production of materials requires labour and
machinery. This thus sets off a demand for labour on the one hand
and a. demand for machines on the other. The demand for machines
sets off a further need for labour and materials. The net effect,
therefore, is (1) a generation of employment, (2) a stimulation of
the manufacturing industry and (3) a need for raw materials, both
local and imported, for the manufacture of finished materials and
machinery for housing.
1
This multiplier effect has been dealt with fully by Keynes (1936)
2
as reported by Hansen (1953) where he says: (1) the multiplier
effect is not continuous due to leakages into the consumption sector,
(2) the multiplier effect is greater in poor countries than in richer
ones.
The overall effect of this investment therefore is to provide
employment for the unemployed, which generates income and thereby
increases: (1) the private sector resources by profit and savings,
and (2) the public sector resources by direct returns, Increased
taxes and a cut in subsidies.
Diagram (2-2) illustrates the effect of investment in the direct
development of urban housing in Ceylon.
Based on the fact that investment in the direct development of housing
generates both direct and indirect employment, a nd consumes foreign
resources, the model presented tries to take these into consideration.
It further considers the effect of diverting part of the investment into
self help housing.
1
J.M. Keynes. - The general theory of employment, interest and
money (1936). pages 125-6.
2
A.H. Hansen - A guide to Keynes (1953), page 99.
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5.1.1 Assumptions on which the model is based
The following assumptions, and definitions, are used
for building the model.
1. In housing the cost of materials and machinery is
(100 - m)T of the total cost. Therefore the cost of
labour is m%.
2. In housing we require two grades of labour, skilled and
unskilled. Assume that for (1) skilled labourer,
(u) unskilled labourers are needed for support.
3. The average number of days worked per year by a
labourer is (n), both for the construction as well as
the manufacturing industry.
4. The daily wage of a skilled labour is W units and that
of an unskilled labourer W units.
u
5. For housing i% of materials and machines are imported.
Therefore (100 - l)% of materials and machines are local
(i. e. either raw or manufactured).
6. The average cost of a j ob in the manufacturing industry
is a units/annum. (This therefore includes the cost of
the raw materials, the machines, and the labour content.)
7. The annual wage of a worker in the manufacturing industry
is W units,
m
8. s ' of the total investment is spent on self help housing,
and (100- s)% on the construction of complete houses.
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5.1.2 The theoretical model
Consider an investment of H units of money in housing. Let the
total number of jobs produced by this investment be J, and the
total consumption of foreign exchange be F units of money.
The theoretical model can now be developed, and the intention is
to express J as a function of the variables u, i, and s,
i. e. J = y>(VL, i, s)
and also express F as a function of the variables u, i and s
i. e. F = ft (u, i, s)
where u, i, and s are as defined in 5.1.1 and signify unskilled
labour percentage import content of materials, and percentage
of investment spent on self help housing.
For housing the cost of a labour gang per annum would be
(lxW +uxW )xn = n(W + uW ) units. Since this forms
s u s u
m% of the total cost of creating employment in housing for one
gang per annum, the total cost would be
n(W + uW ) units.
£> u ni
The average cost per annum of one direct job in housing
construction would be n(Ws + uWu ^ ioo units.
(1 + u) m
Since an amount H units is spent annually on the direct development
of housing via the public sector, of which s% is on self help, then
1L22—®L +—IÜ—IS— jobs can be created directly with.!«the
100 n.lOOiW JfuW ) J y
s u
public sector.
Further, since (100 - m)% of H(100 - s)/10@ and 100% of Hs/100
is spent on materials and machines, and (100 - i)n of this is local,
this investment H will create a furthei^W-l.,. TOO - i) (100 - m + sm'
100^ a 100.
jobs /annum in the manufacturing industry. This will also create
a demand for H
. i. (100-m + sm ) units in foreign exchange.
ÍF 100
100.
Therefore total number of jobs (J) created by investing H units
annually in housing would be the sum of the direct employment and
the indirect employment in the manufacturing industry.
H f* px(1 + u)(100-s) + (100-i ) (100-m + sm "1"
L.n(Wg + uWu
) . . . (5-1)J = ÍÖÖ2 |_ B ) a 100 J
The number of units demanded in foreign exchange would be
F = JL_ • i- (100-m + sm ) (5-2)
10* 100
where 100^1 ^ o 100^s ^ o and 100 m^o
If we make the assumption that the total cost will not vary by varying
the distribution between materials including machines and labour,
basing it on the fact that as the use of machines is reduced an
equivalent amount is spent on labour, we can state the following
condition.
m <x (W +ÜW )
s u
i. e. the percentage spent on labour will be proportional to the cost
of employing one gang. The size of the gang depends on u , the
number of unskilled labourers, attached to one skilled labourer.
Therefore we can write:
m = k (W + uW ) (5-3)
s u
where k is a constant.
Substituting this equation in (5 - 1), and rearranging, we get
J = 10< [£--(>+u) (100-s) + (ílOOll) í 100 - k(W + uW ) (1- )YI.a I 5 u íöőjJ
(5 - 4)
Hence equations (5-1), (5-2), and, 5-3) form the basic model which
describes employment generation and foreign exchange consumption
via investment in the direct development of housing.
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5.2 An analysis of the theoretical model leading to a
formulation of general policy
The basic model described in section 5.1 by equations (5-1),(5-2)
ami (5-3) can now be analysed with two objectives in view. They are:
(1) to maximise the marginal employment generation,
and
(2) to minimise the marginal consumption of foreign
exchange.
5.2.1 Maximising marginal employment generation.
Employment generation is governed by:
H [* m(l +u) (100 - s) (100 - 1) (100 - m + sm H . . (5 - 1)~ ÍF I n(Wg + uWu) + a 100 J
where m «= k (W + uW ) (5-3)*
8 U
and 100)^ i o , 100 J/ S o , 100^ m ^ o
The marginal employment generation is given by ^ J
^ H
Hence marginal employment generation is:
^ J
^ H
1 [" mil +u) (100-e ) (100 - 1) (100 - m a-jm)"!. . (5-5)
104 [ n (Wg + uW^) + 9 100 J
where m is gó/erned by equation (5-3).
If u, i and s were continuous over all values between - and +
the normal methods of calculus could have been used to determine
their values that maximise . However since the ranges are
"JH Vj
limited it will be possible only to determine how fr~ varies with each
0 h
of the variables, i. e.u,i, and s, and conclude broadly in what direction
policy should guide them if Is to be maximised.
The variation of with respect to u, i and s, can now be analysed.
0 H
(1) Variation of^|i with u.
^ J T
The rate of change ofrcrr with u is given by —■— ( --i- )d' d u o H




Since 100^, a % o , (100-s) is always positive.
If the marginal generation of employment is to increase as u increases,
then
Since nWu is the cost of an unskilled labourer in the building industry,
and a is the cost of a job in the manufacturing industry including
materials and machines, a will be ^ n. Vu
i must always ba^ a negative value, which is true since 100^, i^,o.
Broadly labour intensification of the construction industry leads to
a maximisation of marginal employment generation via investment in
housing.
(2) Variation of with i.
o H
The rate of change of , £ with i is given by , S £
i. e.
Since 100^ m ^ o, and 100^ s ^ o is always ^ o.
Therefore, this leads to the conclusion that
Increasing the import of materials and machines tends to
minimise the marginal generation of employment in the
housing industry.
(3) Variation of -3-i- With s.
The rate of change of ^ J with s is given byi J&jL
"d s/a II
(W . n - a)
s
u(a - n. V )v
u
is ^ o
(a-nW^ ) is generally ^o.
But (Wg. n - a) maybe ^ or ^ o.
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If it is^ o then self help housing will increase employment, and this
would be in an area where skilled labour in the construction industry
was scarce and expensive in comparison to providing a job in industry.
If on the other hand it was < o, then self help will only tend to negative
marginal employment generation, and will be detrimental rather than
helpful. This will happen where skilled labour is plentiful and cheap.
It appears therefore that the decision for a particular country must be
made with reference to real values, as will be seen when the case of
urban Ceylon is considered. It must also be noted that a certain
proportion of self help may be necessary to achieve the level of
investment required, which reinforces the fact that the decision depends
on the conditions prevailing in the country under consideration, and
therefore cannot be generalised.
5.2.3 Minimising marginal foreign exchange consumption
Foreign exchange consumption in the direct development of housing
is governed by:
F = -73- . i. (100 - m + SiS-A (5-2)10 100 J
and m = K (V.
g + uW^ ) (5 —3>,
where 100,^ i/^ 0 100s Jy 0 , and lOO^m ^ 0
J Tp
The marginal foreign exchange consumption is given by .1
H
"b I'
i.e. _ ■ TT = 1 . (100 m + sm\ ir _
^í l TÖ1 1Ö0
Here again since s, i, and m are only valid for a fixed range, therefore
it is not possible to minimise , but to give broad policy that
makes -ft.F -Ve and decreases its value.
b H
Analysing the variation of with u, i and s, we get:
TT' ^
(1) Variation of f with u.
^ H
OF _ 1
1. e. —~— - ... Lr ( s . 1 \ K W
*.*H 10**700 1}' K u
which is - ve since 100 s 0.
Labour intensification of the construction industry reduces the
marginal foreign exchange consumption.
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(2) Variation of with i.
^ H
Uvrrf = —V í(100 - m) + _§m_"|iOH 1<F YK lOOj
Since 100^ o , —— is + ve.
-fcOH
Therefore increase of imports of materials and machines
increases the marginal foreign exchange consumption.
(3) Variation of ^ with s
i.e. ^ 'I 1 r m 1
'bs.'ö H 104 L 100 J
which is + ve since 100^ m^/ 0
Therefore self help housing tends to increase the marginal
foreign exchange consumption, as it is increased.
5.2.3 Broad policy for maximising employment generation
and minimising foreign exchange consumption
From the foregoing analysis it is now possible to state a broad policy
for maximising employment generation and minimising foreign
exchange consumption via investment in the direct development of
housing.
(1) From 5. 2.1. (1) and 5. 2. 2. (1) it will be observed that labour
intensification of the construction industry results in increasing
the marginal employment generation and decreasing the marginal
consumption of foreign exchange.
Hence the construction industry should be labour intensive.
( 2 ) From 5. 2.1. (2), and 5. 2. 2 (2) it is seen that increasing the
import content of materials and machines leads to a reduction
in the marginal employment generation and an increase in
marginal foreign exchange consumption.
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Hence the housing should depend more on local materials (import
substitution), and the local manufacture of materials and machines
where no substitute is available, using imported raw materials.
(3) Finally it is seen that self help housing has the adverse effect of
7
increasing the marginal foreign exchange consumption/ On the
other hand it may or may not increase the marginal employment
generation. More likely it tends to decrease it. However, it
was observed that self help was necessary to achieve the level
of investment required. Since the provision of housing was the
primary objective, the policy should be such that self help housing
is used only when the provision of complete houses is economically
beyond the household's capacity to pay, and when it is required to
achieve the level of investment. It, of course, has the advantage
of reducing subsidies. Overall, the detrimental effects of self
help housing may be overcome by its advantages.
An application of the model to Ceylon
The theoretical model developed and analysed can now be applied to
Ceylon. In applying the model the objectives will be:
(1) to formulate policy that maximises the marginal employment
generation, via public sector investment in the urban areas
and thus the total employment generated, subject to the
restriction that a certain proportion of investment must be
in self help housing. Self help housing is necessary as
seen in Chapter 3 to achieve the total level of investment, and
bring housing as far as possible within the household "s ability
to pay for it, thus minimising subsidies.
(2) to formulate policies that minimise the marginal foreign
exchange consumption. Here again the restriction due to
self help housing vi 11 apply. However, this analysis will
cover both urban and rural areas and also both the public and
private sector, since what matters in this case is the overall
marginal consumption.
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5.3.1 Employment generation via public sector investment in the
direct development of urban housing In Ceylon
This section presents a picture of unemployment in Ceylon, and tries
to formulate policy by adjusting the independent variables in the
model with a view to maximising the marginal employment
generation, and thus the total employment generated.
5.3.1.1 Unemployment in Ceylon
Ceylon has a chronic unemployment problem, hi the last decade
1 2
unemployment has increased from around 10% to nearly 15% '
of the active labour force. This shows that out of a total labour
3
force of 3.8M, of which 1/6 was in the urban sector, a total of
4
about 552, 000 were unemployed. Of the unemployeed, 119, 000
4
were in the urban areas of which 78,000 were males. Table (10)
of the report cited in footnote 1 of this page, states that out of
220, 000 persons never employed 150, 000 were males, of which
102,000 were prepared to take any job, and 8, 000 wanted semi¬
skilled or skilled employment. The balance, 40, 000, wanted white
collar jobs.
5. 3.1. 2 Selection of variables
The theoretical model is now applied to public sector investment in
the direct development of urban housing, by substituting real values
for the variables. The values adopted are
(1) Value of u
Present construction techniques in Ceylon show that for one
skilled labourer an average of % unskilled labourers are needed,
i.e. u = 2. This is due to the fact that tractors and cranes
are being used extensively. It appears that if more manual
'"The figure of 15% is given in the I. L.O. "report" matching
employment opportunities and expectations. A programme of
action for Ceylon, page 3, Geneva 1971,
2
The Central Bank of Ceylon report for 1971 quotes a figure of
14% for 1971, page 205.
3
op. cit. 1 page 22, para. 100.
*
op. cit. 1. table 6.
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workers are used, the value of u could be Increased to about
2.75. If we increase u above this we will find that the labour
will be underemployed, and that the condition m=k(Wg+ uW^)
will not be valid. This view has also been supported by the
I. L.O. report1. We thus see that future public sector invest¬
ment in the direct development of urban housing should aim at
increasing the value of u from 2 to about 2. 5 in order to
increase the marginal employment generation conclusion
reached in section 5. 2. 3.
(2) Value of i
In 1968 the estimated value of the import content of materials
2 3
in housing was i = 18%. However, this value of i can
be reduced by (1) using less imported machinery as a result
of labour intensive techniques: (2), reduction in the import of
cement which constitutes 8%, since we will be virtually
1
Recommendation by the I. L.O. - a Programme of action for Ceylon,
report page 190 para. 636 and footnote 1.
"Employment in the construction sector (excluding rural
public works could be raised by about 50, 000 between 1970
and 1976, which is in line with the expectations of the planners.
A condition for achieving this is a steadily growing demand
created by the government programme, especially for housing.
Another is that care should be taken not to introduce mechanisa¬
tion indiscriminately. (An objection sometimes raised to labour
intensive methods is that they are slower, but in the case of
Ceylon one must allow for the time between ordering imported
machines and taking delivery.) "
2
Human settlements. An experiment in housing policy and pro¬
gramming. Table 2, page 39, Vol. 1, No. 4 of October (1971).
Issued by Centre for Housing, Building and Planning, New York.
3
18% of materials is 11. 7% of total gross output when 65% is
spent on materials and 35% on labour.
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self-sufficient due to increased production: (3) by encouraging
the use of less steel in building: (4) by encouraging the local
manufacture of metal plumbing products. This will enable the
reduction of i to about 8%. This view has also been supported
by the I. L. O. report1.
(3) Value of s
For all practical purposes the value of s as per the five year
2
plan is" 12%. This is understandable as one of the main objectives
of the plan was the maximisation of employment generation. However,
we saw in Chapter 3, 50% of all uiban households could not afford
an economic rent, and on this basis and for the purpose of utilising
the labour potential available we saw that on the average s must
be equal to 50%. The value of s however is the average, and
therefore will vary for different urban areas, as we will see in
Part IVof this study. Hence from the national point of view we see
that the average optimum value for s is 50%, for public sector
investment in the direct development of urban housing In Ceylon.
1As per LL.O report, A programme of action for Ceylon, p ra. 838,
page 190, states:
"The great advantage of construction is that imports of m iterials
and some finished products account for only 10 to 15 per cent, of
total gross out-put. This could be lowered still further by
developing local production, by encouraging the expansion of
this sector in smaller towns and villages, which would fit the
general principle of encouraging development in rural areas
rather than in the cities, and by concentrating on maintenance. "
2Table (3-3A) Line (a) 7/58 x100 = 12%-.
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(4) Values of n, W , W , a.
s u
The average number of days (n) worked by a construction worker
has been 300. This is a reasonable figure, and may be used for
future estimates.
The average wage of a skilled worker (W ) is Rs. 8/= per day,
s
and that of an unskilled worker (W^) RS. 5/= per day. These
rates may rise with time, but should be controlled as far as
possible. However, these rates may be assumed to cover the
period of the five year plan.
The average cost of producing a job in the manufacturing industry,
and keeping it going is estimated at1 Rs. 15, 760/= por annum.
5*3,1*3 Appraisal of past vs. proposed policy (1973-1976)
Let us now try to compare the policy of the five year plan versus
proposed policy changes.
Using the values of s = 12%, u = 2, i = 18%, n = 300, W = Rs. 8/=,
s
W = lis. 5/=, and a =15,760 in equation (5-5), and estimating
U
2
k from m = k(V +uW ), where m = 5 35%. (Section 5.3.1. 2)
s u
3h- - 204
where J refers to poliqy existing.
However, on implementation policy changes recommended) ''he
values for the variables would be s = 50, u = 2. 75, i = 6%,
n = 300, Wg = Rs. 8, V;n =Rs.5/=, a =15,760 and k = 2.
On substitution in equation (5-5) the value of^ is obtained.
>j2
e* "W— = 157 ' 011 ot^er kan<*» If 3 had been
> Jo
maintained at its original value of 1.1%, would be equal to 273.
«MH
Human settlements, as per note (2) on page 107.
2
Unpublished research by the building materials corporation of
Ceylon showed tho division between labour and materials in
housing to be 35% and 65%.
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From this analysis it appears that policies that maximise the use
of labour and foster the use of locally manufactured materials
will increase the marginal employment generation from 204 to 273,
if the amount diverted to self help housing was 12%. However, it
is 3een that as a result of increasing the amount diverted to self
help housing to 50%, the marginal employment generation has
reduced from 204 to 157. This leads us to an important conclusion,
that is, public sector investment should aim at diverting the
minimum required into self help housing. In the case of Ceylon
it was observed in Chapter 3 that if a solution to the urban
housing problem was to be achieved, there arises a need to
increase investment to 1 -7% of G. N. P., and that this can be
done by diverting 50% into self help housing. Further, it was
observed that 50% of households could not afford the cost of
complete houses, and thus self help was a way to bring down the
cost to the consumer, and avoid subsidy. It is thus possible to
state a general principle on the uae of self help housing in Ceylon,
i. e.
"The benefits of self help housing increase as the
level of unemployment decreases. "
A corollary to this would be that
"Self help housing would be most useful in areas where
the level of employment was high, and the cost of
housing is high in comparison to wages. "
5. 3.1.4 Total employment generated within the five year plan
From the foregoing analysis it appears that increasing the
proportion of investment in self help housing has resulted in
a 23% drop in marginal employment generation. However, this
drop is much less than the drop that would have occurred if u
and i were maintained at the same level as before. Despite
this setback it will be seen that overall total employment can be
brought more in line with the expectations of the plan. The


























































1 Calculatedfrom(0.83)(0.5 }|jL21+)Jforn=0,13 i.e.0.83%ofG.NPwh re(urban^otal)=0.58
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comparison is between:
(1) The period 1372-1976, as per investment envisaged in the five
year plan, using values for the variables as per the five year
plan; and
(2) the period 1972-1976, using (1) above for 1972, and investment
proposed as per investment model in Chapter 4, using the new
values for the variables from 1973-1976.
The figures are presented in Table (5-1).
On the whole the five year plan proposed to produce 225, 000 jobs in
industry, of which 50,000 were in the construction industry. It
appears from Table (5-1) that the public sector would have produced
4,600 jobs in the urban area if it adhered to the existing financing
and implementation policy, and that, it would have produced 17,400
jobs in the urban area by adopting the new financing and implementation
policy, while moving toward a solution of the urban housing problem in
Ceylon.
5.3. 2 Foreign exchange consumption via investment
in the direct development of housing in Ceylon
Between the years 1952 to 1970, Ceylon has had an ever increasing
external resource deficit1. This has been one of the major causes for
the slow rate of development. Thus, as stated in section 5. 0,
investment in housing must try to use the minimum foreign resources
possible. In section 5. 2 2 it was shown that the marginal foreign
exchange consumption is given by :
©
"ö H ~ T?+ ^ 00 " m + TW ^ (5 - 6>
It was seen in the last section that for urban housing i could be
reduced from its existing value of 18% to 6%, by import substitution
and local manufacture.
1I. L. O. report. A Programme of action for Ceylon. Technical
papers, page 243. Table 1.
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The public sector may achieve this by deliberately using local
materials, but it would be difficult to control the private sector.
Since foreign resources affect overall development, it is necessary
to look at Investment In the direct development of housing both by
the public and private sector, in urban and rural areas, and not
only cut down the use of foreign resources by the public sector,
but evaluate a controlling policy that reduces the use of foreign
resources by the private sector.
Overall policy could thus include the following:
(1) Public sector investment in the direct development of
urban housing should aim at using no mere than Q% of
the value of materials and machines via imports (s = 50%)
section 5.3.1, 2, (2).
(2) Public sector investment in rural housing should aim at
using no more than about 4% of the value of materials
and machines via imports. This could be achieved by
promoting traditional methods of construction in the
rural areas, rather than modern methods, (s = 75%).
(3) There can be a gradual reduction in imports from i = 18%
in 1973 to i = 7% in 1976 where the urban private sector
is concerned. This gradual reduction will allow the
setting up of industries by 1976 to substitute for the
imported materials (I. L.O. recommendation cited approves
this principle).
(4) There can be a gradual reduction in imports* from i =10%
in 1973 to i =s 5% in 1976 where the rural private sector is
concerned. As before this gradual reduction will allow time
for the setting up of industries to produce materials.
The figures cited above are approximate extrapolations.
*The rural areas presently use more local materials, and i is
estimated at 10% for the private sector.
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In order to justify policies (1) and (4) it is possible to compare the
marginal foreign exchange consumption under existing policy, and
by incorporating the policy changes. Equation (5-6) is used for
this purpose.
5.3.2,1 Public sector investment
(1) The urban sector
Under existing policy for an investment , the foreign
exchange component is calculated using s = 12%, m = 35%,
and i = 18%. This gives:
= 0.12456, i.e. 12.46% of public sector investment.
*Hi
Since s% is in self help, and total investment is H
i. e. F is 11.7% of total investment1.
[1 + am 1100(100-m)J
If policy (1) is implemented the value of s = 50%, m = 43.5%
(from m = k(\V^ + uW^), where k = 2, and m = 35, where
u = 2, changed to u = 2. 75 and i = 6%. This gives
= 0. 0477 i. e. 4.77% of public sector Investment
Since 50% is in self help, this becomes 3. 85% of total investment.
It thus appears that if the policy changes are incorporated, public
sector investment in urban housing can increase by (12. 4^4. 77)
i.e. 2.6 times, without demanding more foreign resources than
have been earmarked for the direct development of housing within
the five year plan. Since the plan proposed a total public sector
investment of 0.48% of current G.N. P. in urban housing, this
could be increased by 2.6 times without requiring more foreign
resources, i.e. to a value of 1. 25% of current G. N. Pi From
table (4-2) it is seen that the maximum requirement occurs in
1976 and that is 1.14% of G. N. P. Therefore policy change (1)
attains the objective of minimising the use of foreign exchange.
1Op. cit. footnote I, page '08. This value of11. 7% is within the values
suggested by the I. L.O. report, i.e. between 10-15%. This is
evidence in supporting the validity of the model.
»
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(2) The rural sector
Under existing policy for an investment H^, the foreign exchange
component is calculated using s * 30? (table 3-3B), m = 50? ,
and since a modern form of building is stipulated i = 18%.
This gives:
*F2A = 0.1170 i. e. 11. 7% of public sector investment.
*H2
Since 30? is in self help, this gives 9. 0? of total investment.
If policy change (2) is implemented ; the value of s » 75?,
m is estimated to remain at the same value of 50%, as otherwise
there will be underemployment created, which negatives the
objective of economic growth, i however can be reduced to 4%
as stated in policy (2). This gives?
^F2
_ "* = 0. 025 i. e. 2.5% of public sector investment.
^2
Since 75?i is in self help housing, thia becomes 1.43?- of the total
investment generated (i. e. public + private labour).
It is thus seen that implementation of the policy change can increase
public sector investment in the rural areas by 4. 7 times its
present level, without demanding more foreign resources. Since
the five year plan estimated 0.35^ of G. N. P. as the level of
investment, this could be safely raised to (0. 35 x 4. 7) i. e. 1. 65?
of current G. N. P. The maximum envisaged in the financing
model (Chap.4) within the period of the plan is 1.41% (table 4-2)
In 1976.
Thus policy (2) achieves the required objective of minimising
the foreign exchange consumption.
Overall it is seen that by implementing the policy changes the public
sector achieves its desired level of Investment, and uses less foreign
resources than envisaged in the five year plan, whose policies did
not even achieve the level of investment required.
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5*3.2.2 Private sector Investment (Pure)
(a) The urban sector
The private sector in the urban areas has invested mainly
in modern housing. As such the value of m is estimated
at the average of 35%, while i =18%. In this case since
no private sector investment has been directed towards
organised self-help, s = 0.
Equation (5-6) thus becomes:
= 1. (100 - m)
-b H 104
Using the values above, for an investment H^, the marginal
foreign exchange consumption is given by
^F3
= 0.1170 i. e. 11. 7% of the investment.
~>H3
If on the other hand policy (3) is implemented, m will
remain at 35%, since the amount of labour employed by the
private sector is difficult to control, i however may be
reduced as stated, by a gradual cut in import® and the
subsequent setting up of industries, to manufacture the
requirements1. Since i may be reduced to 7% by 1976,
it is possible to use the average value of i =12. 5% over
the years 1973 to 1976, in order to estimate the foreign
resources utilised. This gives:
"b f3°
= 0.0815 i.e. 8.15% of the investment.
^H3
In - Chipter 3 it was shown that the level of investment by the
private sector will be 0.45' of G. N. P. and not 0. 47% of
G. N. P. as expected in the five year plan. Thus this will
result in an overall saving of foreign resources.
*Tt is useful to note that steps have been taken in this direction,
where the size and cost of private housing is now controlled by
law. Ceiling on house and property law No.l of 1973, Part II,
sections 40-43. Government Printing Press - Sri Lanka -
certified on 13th January, 1973.
117.
(b) The rural sector
In the rural areas, private sector investment has utilised
more traditional methods of construction, and thus I is
estimated at 10%, m as mentioned earlier 13 around 50%.
The value of a is estimated as zero, since the labour
content has been included in the estimation of overall
investment. Thus equation (5-6) modified as under the
urban sector is used to estimate the foreign resources
required. Hence, for an investment, H^, the foreign
resources used under the present policy is given by :
*F4
= 0. 05 i. e. 5.0 of total investment
VH4
If, however, policy (4) is implemented, the average value
of i becomes 7. 5 , while m remains the same at 50%, i. e.
^F4
•r b 0. 0375 i. e. 3. 75% of total investment.
»H4
It was shown in Chapter 3 that private sector investment
in the rural areas will be about 2. 0% of current G. N. P.
and not 2. 28f as expected. hus the net result will be a
saving of foreign exchange.
5.4 Policy for maximising employment generation and minimising
foreign exchange consumption via public sector investment in
the direct development of urban housing in Ceylon
It is now possible to draw up a broad policy to guide public
sector investment in the direct development of urban housing in
Ceylon, so that employment generation is maximised and foreign
exchange consumption minimised, resulting in the maximisation
of economic growth via the investment. Broadly the policy is
as follows.
(1) It appears that public sector construction of housing
should use labour intensive methods, thus increasing the
number of unskilled workers per skilled worker from
2 to about 2.5.
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(2) Public sector housing 3hould be designed and constructed
using more local materials, thus trying to reduce its
present import content from 18f" to about 6%.
(3) Self help housing has detrimental effects on employment
generation and foreign exchange consumption. Hence it
appears that self help housing must be used cautiously,
and preferably in areas of high employment, where the
ratio of the cost of conventional housing to household
income is high.
These, then, form the basic policy framework within which




A concept for solving the housing problem
at minimum physical costs
6.0 Introduction
The conclusion reached in Chapter 2 stated that subject to achieving
the objective of maximising economic growth via public sector
investment in the direct development of urban housing, the primary
objective should be to solve the urban housing problem at minimum
physical costs.
From the analysis in section 2.4 it was seen that the objective of
solving the housing problem at minimum physical costs was equiva¬
lent to achieving the objective stated below, i. e.
"Standards used for the direct development of urban housing
must reflect the socio-economic values of the population,
thus resulting in a range of standards, which mu3t be achieved
at the minimum physical costs within the limits of technology. "
It thus follows that any concept for solving the housing problem at
minimum physical costs, must contain the built in assumption that
standards will be a function of the social, economic, and cultural
values of the population. K was also stated in section 2.4 that the
cultural values could be assumed o be the same for the urban
population of Ceylon, thus considering only the effect of the socio¬
economic factors.
The purpose of this chapter, therefore, is to propose a concept
which achieves the objective of providing housing at the minimum
physical costs, subject to the condition that the concept accepts
standards for housing which are a function of the socio-economic
factors. As seen, the acceptance of this condition accepts the
existence of a range of standards and not one single set of minimum
standards.
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The approach used here will be to develop a broad concept by analysing
the problem at the national scale. This analysis at the national scale
will hold certain variables constant at their average values.
However, in applying this broad hypothesis at the urban scale, the
variables held constant will be relaxed, thus resulting in a detailed
model for guiding public sector investment in the direct development
of urban housing. (This model is presented in Chapter 7.)
6.1 Basic Assumptions and Definitions
Listed below are the basic assumptions and definitions used in the
following analysis. As mentioned in the introduction some assumptions
made at this stage will be relaxed when applying the resulting concept
at the urban scale.
6.1.1. Basic assumptions
(1) The following assumptions will be held constant both for analysis
at the national and urban scale. They are:
(a) The urban population is classified into three social classes(3),
based on job classification of the household head. (See
Chapter 2, section 2.3.3.1.4.)
The social classes are:
(1) Blue collar workers = working class (S^)
(2) White collar non professionals = middle class (S )
(3) V hite collar Professional and Managerial (S^)
workers = upper class.
(b) The annual normal or long run income of the household (E)
defines the economic status of the household.
(c) The cultural factor \C) of the household is assumed to be
constant for all urban areas in Ceylon. (See Chapter 2)
(d) Interest rates are held constant at the prescribed values.
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(2) The following assumptions will be held constant at the national
scale, but will be relaxed at the urban scale so that the effects
could be fed into the development of the detaile d icdel.
(a) The basic unit of consumption is the household, and is
represented by an average household in size at the national
scale, while at the urban scale variations in household size
are considered.
(b) Land costs are assumed constant at an average value as a result
of ignoring the locational factor at the national scale. The
effect of location on ability to pay for housing is also neglected
at this scale. However, the locational factor is considered
at the urban scale.
*
(c) The form of housing is held constant at the national scale,
while at the urban scale all forms within the limits of
technology are considered.
(d) Tenure is held constant, while at the urban scale it is varied.
6.1.2 Definitions
(1) The initial costs of land development per housing unit and house are
represented by the amortization of these costs, given by the
annual value (I). Since interest rates are held constant at their
prescribed values, and the method of amortization is fixed, i.e.
an equal instalment basis on a depreciating capital, the above
definition is true.
(2) he annual average erst of mainteaance per housing unit is given
by (M).
(3) The real annual rent (R) is the sum of the recovery of the initial
costs, i.e. (I) plus the recovery of the annual maintenance eosts(M).
This represents the real cost to the consumer.
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(4) The real amount a household pays annually, given by (A)
represents the household's ability to pay for the benefits
the household derives.
(5) The annual subsidy per household (s) is given by the difference
between the real rent (R), and the ability to pay (A).
i.e. R - A = s (6-1)
(6) The physical costs per household are represented annually
by the amortization of the initial costs (I), the annual maintenance
costs (I ), and the annual subsidies that must be met (s). If
thareare n households, the total annual physical costs P
are then given by
P = n(I + M + s) (6-2)
6,2 The relationship of annual costs, benefits, and
subsidies to the socio-economic factors, (S, E).
Using ühe basic assumptions, and the definitions stated in section
6.1, it is possible to establish the relationships that exist between
the costs .benefits, subsidies, and the socio-economic factors (S, E).
The main link occurs in using the necessary condition for solving
the housing problem, i. e. the standards used must reflect the
socio-economic values of the population.
6.2.1 Cost to the consumer(R), and its relationship to the
socio-economic factors (S, E).
By definition (3) the real cost to the consumer (R) is given by:
R = I + l1 (6-3)
The initial costs under the mentioned assumptions are a fuiction
of the standards (section 2.4. 2.1). But standards are represented
by a function of the socio-economic factors. This follows from the
first objective for solving the problem. Therefore, initial costs
are a function of the socio-economic factors. Diagram (6-1), i.e.
I = fx (S. E) (6-4)
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DIAG- 6-2
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Maintenance costs are a function of initial costs (section 2.4.1.2.1).
Therefore maintenance costs are a function of the socio-economic
factor,
i.e. M = f2(I) = f2(fl (S.E) ) (6-5)
Substituting in equation (6-3), the real cost (R) is given by
R = f (S, E) + f9 (f, (S, E) ).JL tmá
i.e. R = f„(3, E) (6-6)
i.e. the real cost (R), depends on the socio-economic factors.
A generally observable phenomenon in any society is that social
classes tend to maintain their social status by adhering to norms
dictated by their social class. This is very evident in housing where
both for functional and prestige reasons, as social class rises so do
the standards. Statistical evidence of this is presented in Chapter 8
for the city of Colombo in Ceylon. This thu3 reflects an increase in
(R) with (S). The economic factor contributes further and is used as
an objective variable within the social group. Thus (R) reflects an
increase with (E). However, the marginal increased in (R) decreases
with an increase in (E) since the higher the standard the less the
satisfaction gained by the marginal increase.
If therefore a graph of real costs (R) is plotted against the normal
or long run income of the household (E), using social class as a
subjective variable, the graphs shown in diagram (6-2) should be
obtained*. It will be noted that at zero (E), (R) has fixed values
which increase as (3) increases. This follows from the observation
that irrespective of the economic factor social class determined the
minimum standard. Thus the need for a range of standards with the
lowest social class at E=0 dictating the minimum, and the theoretical
maximum for the highest class at the maximum value of (E). It
will also be observed that the marginal increase in (R) is greater for
*The graphs are plotted for the three classes. Assumption (1)
i. e. R R0, and R„.\ £* d
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higher (S), for the same income, due to the fact that the higher
social classes are more susceptible to changes than the lower classes.
Theoretically what happens if (S) is ignored. The value of (R) in
this case is based on some hypothetical standards which ignore
social values, while slight modifications are made for increases
in (E), neglecting the fact that (R) increases at a diminishing rate
with (E). This is represented by line (N N) on the graph, i his
form represents the currently accepted concept of "need" as will
be discussed later. Hence, if a housing programme is based on
(NN), it does not achieve the objective of solving the housing problem
and is thus completely meaningless. In short, (NN) overstates the
aspirations of the working class, understates that of the upper class,
and is somewhat representative of the middle class.
From the foregoing discussion it appears that the real costs of
housing to the consumer (R), represent his socio-economic
aspirations in regard to housing. This, in fact, represents a
situation where a housing programme has been formulated on
standards based on socio-economic values, thus achieving a
solution to the housing problem. It also represents the real rents
that should be charged. On the other hand the line NN represents
a situation where a housing programme has been based on a hypo¬
thetical set of minimum standards, which has made a small allowance
for change in the economic factor (E). Thus (NN) does not really
solve the problem, and thus the real rent it depicts is meaningless.
6»2*2 Benefits to the consumer (A) and its relationship to
the socio-economic factors (S, E).
By definition (4), the benefits a consumer derives from housing are
defined by the amount a householder is prepared to pay for housing.
At this stage of the analysis the assumption that both form and
location are ignored is important. It will be seen that these factors
as well as variation in household size may have significant effects
on the benefits or amount a household is prepared to pay.* (See
Chapter 10).
*
David, K.H. 1962. Family composition and consumption. Chapter 5.
North Holand publishing company, Amsterdam.
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For the same income levels a general observation will show that
higher social groups are prepared to pay more for housing and thus
maintain their social status. Statistical evidence for the urban area
of Colombo in Ceylon will be given in Chapter 10. However, at
this stage, if the broad assumption that populations can be classified
socially as urban, rural and estate for Ceylon, is made, the above
mentioned tendency is found to be fairly accurate. Diagram (6-3)
indicates graphs of average rent versus average total expenditure
for various income groups, for the urban, rural, and estate sectors. 1
Hence, benefits may be considered to bo a function of social class (S).
The variation of rent paid versus household income has been studied
2
as far back as 1875 by Engels , who suggested that the marginal
2
rate of increase was constant. This was challenged by Schwabe",
who suggested that the marginal rate decreased with an increase in
household income.
3
However, more recent studies (1962) done by Reid showed that the
marginal increase tends to increase with the normal or long run
component of income, while if the random component is added the
relationship tends to act in accordance with Schwabe'3 law.
1
Socio-economic Survey (1969-70) of Ceylon. Tables 40.1, 40.2 and
40.3 give the data used for plotting the graphs. The tables mentioned
give the expenditure patterns of an average household at different
income ranges. The total expenditure of the family was thus an
approximation of the normal income, of which the amount paid as
rent represented the household's ability to pay for housing.
2
"Stigler, George. (1954). The early history of empirical studies of
consumer behaviour. Journal of Political Economy. April 1954,
page 98.
3
Reid, Rargaret G. (1962). Housing and Income. Chicago
University Press, page 6.
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From a theoretical point of view it may be argued that at the early
stages the relationship will follow Reid's law as households try to
move faster toward achieving their aspirations. However, at the
latter stages when they are approaching the cost curve there will
be a tendency to slow down and follow Schwabe's law, thus meshing
with the cost or aspiration curve and continuing along it.
Diagram (6-3) tends to confirmthe shape argued out here. he
point at which the two curves mesh is where A = R, i. e. when a
household is able to achieve its aspirations. This point may thus
be defined as the 'threshold income". It appears that if the curve
is approximated to Reid's law throughout the error in estimating
the threshold income will not be appreciable. The threshold points
are shown as E^.E^, and E^ on diagram (6-2). The curves are
Hence the benefits derived are a function of socio-economic grouping,
other factors being constant,
It is useful to look briefly at current practice, which suggests that
households should pay between 20-25 ' of household income toward
housing. This is in keeping with Engel's law, which is depicted
by line in diagram (6 - 2). The threshold income is a
purely hypothetical point, since does not depict the real world
situation. If E lies along one of the curves R , R . or R .
n ° 12 3
beyond the points E , E , or E , then it may have satisfied one
X u
socio-economic group. The present concept of "need" uses this
principle and will be discussed later. The result of using N N
and will be the production of houses too low in standard for
part of the middle and upper socio-economic groups, and too high
in standard and cost for the lower socio-economic groups.
denoted by , A^, and A3 for the three social classes.
i.e. A = f4(S,E) (6 - 7)
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The analysis shows that the main factor that deters a household
from achieving its aspirations is the economic factor (E). Since
the amount a household pays for housing shows the benefits it
derives, it will be observed that maintaining a social status is
an important aspect of the benefits derived and thus higher social
classes are prepared to pay more than lower social classes at the
same economic level, for better housing.
Hence -
A • = f4(S, E) (6-7).
6.2.3 subsidies
In the last two sections, two aspects have been analysed, namely
the real cost of socio-economic aspirations, and the benefits or
ability to pay at different socio-economic levels.
Ideally, if the costs and benefits were the same a«, all socio¬
economic levels, it would represent a perfect situation. However,
this situation can never exist, since there exists a stage where
socially the household aspires to certain standards which economi¬
cally it can not achieve. The curve(A) cannot be altered since it
reflects the real world situation, and altering it would only result
in a situation similar to the use of line On the other hand
if the problem is to be solved the real cost curve must exist.
This thus results in the need for a subsidy.
By definition (5) subsidies (s) are given by -
s = It - A (6-1)
Since R and A are functions of (S, E) from equations (6-5) and (6-7)
it follows that
s = f_ (S,E) (6-8)
o
Referring to diagram (6-2) it would appear that theoretically the
subsidies increase with social status, and decrease with increase
in normal household income. Practically, however, rise in
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social status is normally accompanied by rise in household income.
Hence, as may be seen from the data obtained for Ceylon, the
minimum income for the highest social class will be nearly equal
to E , while the mean income of the middle class will be about
u
equal to E^, and the maximum for the lowest class may be just
greater than E^ (Chapter 10). Hence, it is the lowest social class
or working class who will need the most subsidy. The inference
that subsidies will reduce with an increase in normal income is
both theoretically and practically true.
The effect of using Engel's law for all social classes in general
for defining the ability to pay, which is one of the principles
accepted under the currently accepted concept of need, leads to
an increase in subsidies. This fact is evident from diagram (8-2),
wherein it will be observed that the line NN is greater than R^
or R0, resulting in that class of population not accepting the houses
it
unless the gradient of is lowered in keeping with their
capability to pay, thus resulting in an increase in subsidy. Even
though
may be lower than R , the houses are not socially
ó
acceptable to that class and are thus rejected. It will be noted that
theoretically under present practice it appears that the most
feasible solution lies in housing for the middle income groups, i.e.
the line E is closest to a real world situation. This phenomenon
n
12
has been observed to occur practically in Ceylon ' , where housing
originally intended for the working classes, on ultimate costing are
found to be so high that they either end up as lower middle class
housing or highly subsidised working class housing.
^
An example is the \\ anathamulla housing scheme, situated in the
city of Colombo, Ceylon.
2
"'The general occurrence of this situation is described in Chapter 3.
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6.3 Analysis of relationships leading to
a definition of a concept.
The relationships established in section 6. 2 can now be used to
analyse the situation, thus arriving at a concept that will achieve
a solution to the urban housing problem at minimum physical costs,
subject to the assumptions stated in section 6.1.
6.3.1 Objectives of the analysis
The relationships used in the following analysis have the inbuilt
condition that standards for the direct development of housing
are based on the socio-economic values of the population, assuming
uniform cultural values. Hence, the objective of the analysis is
to minimise the physical costs, using the desired relationships.
The physical costs defined in Chapter 2 consist of two components -
the initial costs of the direct development of urban housing, and
the future costs of maintenance and subsidies.
The initial costs can be represented by the annual recovery of these
costs and are depicted by (I), definition (1), section 6.1. 2.
The future costs can be represented by the annual costs of
maintenance (M), and the annual cost of the subsidies (s).
Hence the annual equivalent of the total physical costs (P) for
n households is given by:
P = n(I + M + s) (6-2)
If the factors that influence the conversion of costs to annual
equivalents are considered to be constant, definition (1), the
minimisation of the physical costs, will be achieved by minimising
P, given by equation (o-2) above.
From equation (6-2) it will be observed that P is built up of
two parts. Th^rare (n) and (I + Iv] + s). Hence the objectives
to be achieved if P is to be minimised are:
(1) M inimise (I + ¥ + s), the annual physical cost per
household or housing unit, and
(2) Minimise n , the number of housing units.
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6.3.2 Minimising the physical cost per unit (I + U + s)
From section 6.3.1, the physical cost per housing unit is given
by (I + IV + s).
i. e. u = (I + F + s) (6-9)
But M +1 = R from equation (6-3), and R - A = s from
equation (6-1).
From equation (6-9) the minimisation of u can be achieved by
individually minimising I, F and , However, since T is a function
of the cost I, the objective can be achieved by minimising I and s.
Since R is the sum of M and I from equation (6-3), the mini¬
misation of I will result in a minimisation of R. Since s is
given by (R-A), and A is fixed for a defined socio-economic
group , subject to the defined assumptions, s can be minimised
by minimising R, i. e. minimising I. Thus the objective of
minimising P can be achieved by minimising I, so that R is
as far as possible equal to A. If R can be equal to A this
will result in a complete break through. However, this is not
theoretically possible, the only possibility being to minimise I
within the limitations of technology and location so that the
threshold income is minimised. As long as the concept that there
exists a minimum set of theoretical standards based on the social
factor at the economic factor (E=0) or zero income is accepted
there will exist a threshold income. A similar case has been
stated by Van Huyck1 in his article on the Housing threshold
for lowest income groups in the case of India, where he says:
'I suggest that there is a housing threshold: a point
along the income distribution curve below which it is
not possible to provide housing, either publicly or
privately, on a massive scale commensurate with the
needs at any reasonable set of minimum standards. "
"'"Van Huyck. Alfred P. Urban planning in developing countries,
Chapter 4.
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In this connection see also diagram (3-2), which indicates the
existence of a similar situation in Ceylon where public sector
housing programmes cannot provide housing without a subsidy
under existing minimum standards.
I, as seen, is a function of the social class (S) and economic group
(E), equation (6-4), where I = f (S, E). Thus the minimisation
of I can be achieved by relating standards to the minimum
necessary to satisfy the socio-economic factors. Since there
exist numerous socio-economic groups in a society, it is
necessary to have a range of standards. Hence solving the housing
problem is providing housing to a range of minimum standards,
the lowest being that which satisfied the working classes at
theoretically zero income, and the highest being that which
satisfied the upper class at theoretically zero income. It is
inevitable that the standards should be increased from the minimum
as incomes increase. This suggests that for practical purposes
standards can be developed for the three social classes, at the
average income :or each class. ( This system will be used in
Chapter 8).
This confirms that the use of a flexible set of standards is
imperative in lowering the threshold incomes, while at the same
time achieving the solution. This results in a solution to the
housing problem at minimum physical costs subject to the assump¬
tions in (6*1).
6.3.3 Minimising the number of housing units (n)
The discussion so far has revolved around minimising the physical
costs by minimising the costs related to an individual housing unit.
However, an important consideration in minimising overall physical
costs depends on the total quantity of housing units (n) to be
provided. Section 6.3.1 (2).
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The total quantity of housing depends on the standard used for
defining the household. The formation of households* requiring
a separate housing unit depends basicdly on the cultural factor(C)
or ethnic origin, hi Ceylon where eastern culture predominates
the household does not constitute the nuclear family only, but
encourages the formation of the extended household. The socio¬
economic factor is equally important. Socially a household would
have aspirations depicted by the cost curve, but economically it
would be governed by the benefit curve. Hence, in accelerating
the process of achieving its social aspirations a household tends
to include other members of the family or lodgers, thus increasing
the economic factor(E) which results in getting closer to the
desired standard of housing.
Hence, n is a function of the social, economic, and cultural
factors,
i. e. n = fg(S, E, C) (6-10)
As seen in section 2. 4.1.1.4 the physical cost of housing per capita
would decrease with an increase in household size. Hence larger
households will result not only in reducing the overall quantity of
housing, but satisfies the social,economic, and cultural aspirations
of the population. It thus results in reducing the physical costs
by (a) reducing the: number of units, (b) the initial per capita cost,
and (c) adding to household income which reduces further the
element of subsidy involved.
It can thus be concluded that estimating the number of housing units
on social, economic, and cultural considerations in relation to
household formation, not only achieves a solution to the housing
problem, but in the developing countries helps to minimise the
physical costs.
r ' " '
For a full disucssion of this aspect read Joachim, M. E., 1970,
A model for estimating and projecting the housing demand of an
urban area in Ceylon. Dissertation presented for Dip. (P. H. D. C)
Department of Urban Design and Regional Planning, University of
Edinburgh;,
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6. 3.4 Statement of the concept of housing demand
From the foregoing discussion it appears that basing standards
for the direct development of urban housing on the social, economic
and cultural values of the population not only achieves a solution to
the urban housing problem, but does so at minimum physical costs.
The physical costs are the minimum possible subject to the
assumptions that location, form, tenure, and household size
are held constant. The variations of location, form, tenure and
household size are factors that can be included at the urban scale,
as will be seen in Chapter 7.
It is now possible to state the following thesis from the national
point of view.
'Tn order to solve a housing problem at minimum
physical costs, the basic parameters that define
the programme should be based on the social,
economic and cultural values of the population for
whom the programme is designed. "
It will be observed that the concept reflects what the population
really want from housing, and not what they should want. What
they should want can be based on hypothetical assumptions which
is the present practice called 'housing need". What people really
want is what they demand socially, economically and culturally,
and is thus termed "housing demand".
The concept of demand broadly incorporates the following:
(1) The total quality of housing demanded by a population
is equal to the number of households formed within the
social, economic and cultural framework of the popu¬
lation, and depicts the minimum.
(2) The standard of housing demanded is reflected by the
social, and economic factors which describe the
population. This results in a range of standards.
However, for practical application standards are based
on the major social classes, and the average income of
each class. The resulting annual costs (R) depict the
socio-economic aspirations, and the real rent.
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(3) The benefits or the ability to pay for housing (A) is
reflected by social class, and normal or long mm income.
This depicts the maximum rent chargeable.
6.4 An appraisal of the concept of 'housing need"
The current concept for formulating a housing programme is
termed the concept of "housing need". In this section it is
proposed to appraise this concept with a view to determining
whether it achieves the objective of solving the housing problem
at minimum physical costs. This appraisal is carried out in
the light of the conclusions reached in the previous sections.
6.4.1 The concept of 'housing need"
The concept of housing need is based on three principles, namely:
(1) The existence of one set of minimum standards. These
standards have evolved over time and are related to the
elimination of socio-physical problems only. Here
standards also include type, and thus exclude^ self help
housing.
(2) That the ideal situation for determining the total quantity
of housing should provide one house per nuclear family.
It considers the extended family as overcrowding, and the
split up of the nuclear family as underuse.
(3) That all households will pay the same proportion of their
income towards housing. In short it assumes the validity
of Engel's law for all socio-economic groups as a whole.
6.4. 2 Appraisal
The primary objective of a housing programme is to solve the
housing problem. It was seen in Chapter 1 and section 6.1 that
to achieve this objective standards should be based on social and
economic considerations. As a result of the range of socio-economic
classes in a society this would result in a range of standards.
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The concept of need in accepting one set of minimum standards,
which increase slightly with the economic factor though not
necessarily, assumes a socio-economically homogeneous population,
which is absolutely inccJTect. It is in other words a very bad
approximation of the real world situation. Thus the concept of
need violates the first principle necessary. See also section 6. 2.1,
where this point has been made with reference to diagram (6-2),
line (NN). Thus the use of the concept of need does not solve
the housing problem.
The second principle, namely assuming that each nuclear family
requires a separate house, is also highly theoretical.
Ih the real world households are formed as a result of the social,
economic and cultural factors. The cultural factor plays an
important part, especially in S.E, Asia where culture dictates
the formation of the extended family. This cultural factor is so
strong that it is evident amongst all social groups. The economic
factor tends to influence further the formation of the extended
household due to the fact that this increases household incomes and
thus enables the household to achieve the aspirations faster. The
very same factors tend to reverse conditions in the developed
countries, where both socially and culturally a split in the nuclear
family is fostered. This has been further amplified due to increasing
incomes in relation to the cost of housing. This has been demonstra¬
ted by Eversley, Jackson, and Lomas in their study*" of the West
Midlands region of Britain, where they showed that Cullingworth's
estimate of need fell far short of the demand.
Thus quantitative estimates based on the concept of need are true
for a point in time in any society. This point in time provides
conditions ideal for the application of the concept of need. In
developing countries this ideal point in time has not been reached
while in the developed world it has been surpassed.
*"Eversley, Jackson and Lomas (1965). Population growth and planning
policy. Frank, Cass & Co. Ltd.
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DIAG. 6-4-
VARIATION OF QUANTITATIVE HOUSING
REQUIREMENTS USING THE CONCEPT
OF HOUSING "NEED" AND HOUSING "DEMAND"
UPPER LIMIT
RATIO OF AVERAGE ANNUAL HOUSEHOLD INCOME (E) TO
COST OF AN AVERAGE HOUSE -
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Thus quantitative housing need is a point along the line of quantitative
housing demand. Those below the point of quantitative need are in
a stage of primary demand, and those above are in a stage of
secondary demand. Hence, most of the developing countries are
in a stage of primary demand and the developed countries in a stage
of secondary demand. Diagram (6-4) depicts graphically the situation
discussed.
As discussed earlier in Chapter 2, the cost of housing per capita
decreases with an increase in household size.
The concept of "housing need" therefore overstates the quantitative
housing problem of the developing countries and thu3 overstates the
real physical costs for solving the problem. In the developed
countries housing need understates the quantitative problem and
thus the physical costs.
The third principle assumes that all socio-economic groups will
pay the same percentage of household income towards housing.
(See line diagram (6-2), and section 6.2. 2. )
As seen in section 6.2. 3, this assumption is far removed from the
real world situation, which results in:
(1) a need for large subsidies to induce the lower income
groups to move above their demand.
(2) A rejection on socio-economic grounds of the housing by
the middle and upper groups due to the fact that the
benefits they can derive are far more than are provided
by the above mentioned housing.
Overall, the use on the ccnept of "housing need" for formulating a
housing programme results in:
(1) A programme that will not solve the problem 3ince it is
not in keeping with the social, cultural and economic
values of the population.
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(2) Overstating the quantity and physical costs in the developing
countries, while understating the quantity and physical costs
in the developed countries. Diagram (6-4).
Implementation of such a programme in the developing countries
results in:
Producing too few houses, of too high a standard,
with the limited resources available. This is further
aggravated by having to meet a large subsidy bill
which not only reduces further investment in housing
but retards economic growth.1
Conclusion
From the foregoing analysis it appears that viewing the urban
housing situation in general (i. e. holding household size,
location, tenure, and form constant), the solution to the problem
at minimum physical, and thus total costs, lies in using the
concept of "housing demand" for formulating and implementing
a housing programme.
This conclusion is true not only for Ceylon, but the developing
countries in general.
The result of using the concept of "housing need" was discussed
in section 6.4. Theoretically it was shown to be a failure. This
is practically visible in all urban areas of the developing countries,
and has been described by many authors on the subject.
The actual solution to the urban housing problem lies in formulating
and implementing housing programmes at the urban scale. At
this scale the factors held constant will become variables. Thus
the broad concept of housing demand becomes the foundation on
which a detailed model for formulating and implementing a housing
programme should be based. Hence, Part IV of this study is
1See Chapter 2 for the effect of subsidies on economic growth.
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devoted to developing and calibrating a modal for guiding public
sector investment in the direct developm- nt of urban housing in
Ceylon, based on the concept of "housing demand", and applicable
at the urban scale.
This model will also be guided by the broad policies necessary for
maximising economic growth. This aspect was discussed in
Chapter 5, which led to the conclusion that the construction
industry should be labour intensive, and use self help methods
only when absolutely necessary.
PART IV A MODEL AND ITS CALIBRATION. FOR GUIDING
PUBLIC SECTOR INVESTMENT IN THE DIRECT
DEVELOPMENT OF URBAN HOUSINC IN CEYLON
AT THE URBAN SCALE
CHAPTER 7 The Theoretical Model
CHAPTER 8 Density and Space Standards
CHAPTER 9 The Real Cost of Housing to the Consumer (R)
CHAPTER 10 Real Expenditure on Housing and its Use in
defining the Housing Threshold.




The Theoretical 3\ odel
7.0 Introduction
Part HI of this study was devoted to developing broad policy and a broad
concept for achieving the objectives of public sector investment in the
direct development of urban housing in Ceylon, by viewing it from an
overall national level.
Two broad conclusions reached in Part III stated that:
(1) To solve the urban housing problem at minimum physical costs,
the main parameters that determine the programme must be
based on the concept of "housing demand", i. e. on the social, "
economic, and cultural factors that determine a population (Chapter 6).
(2) That the construction industry should -
(a) be labour intensive;
(b) use a minimum of imported materials, and
(c) limit self help housing techniques to an absolute minimum.
Since the analysis in Part III was overall it kept the variables, namely,
(a) household size
(b) location of house
(c) form of house, and
(d) tenure of house,
constant throughout. It was also mentioned that in applying the two
conclusions at the urban scale the variables held constant must be
relaxed, thus arriving as close as possible to the real world situation.
This part of the study is therefore devoted to developing a model and
calibrating it for application at the urban scale using the two conditions
stated as the base.
The purpose of the model will be to aid the public sector in detailed
policy formulation at the urban scale, for guiding investment in the
direct development of urban housing in Ceylon.
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In this chapter a theoretical model will be developed, which will be
tested and calibrated in Chapters 8, 9 and 10. Chapter 11 will be an
explanation of the use of the model for formulating a public sector
housing programme for an urban area in Ceylon. 1 he data for
calibrating the model was obtained by a 2% sample survey of the city
, of Colombo, and the collection of Hitherto unpublished data from the
records of the department of national housing i*» Ceylon. A description
of the survey and the data obtained therefrom is given in Appendix I.
7.1 The basis of the model
The objective of public sector investment in the direct development
of urban housing was to solve the housing problem, and do so at minimum
physical costs subject to the conditions necessary for maximising economic
growth via the investment.
The conclusion reached in Chapter 6 showed that this objective could
be achieved by using the concept of "housing demand" to determine the
basic parameters of a programme, bearing in mind the broad controlling
policy for maximising employment generation and minimising foreign
exchange consumption.
The two major factors that determine a housing programme, as seen in
Chapter 6, are:
(1) The total quantity of housing, and
(2) The physical cost per housing unit.
Thus the basis of the model is to determine -
(1) The minimum quantity of housing units required, and
(2) The minimum physical cost at which a unit could be
provided.
The model is thus divided into five basic parts. hey are:-
(1) A model for determining the total minimum quantity of housing
required.
(2) Models for determining the minimum standards for households
of average income for each of the three major social classes.
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(3) A model for expressing the real costs of housing to the household,
provided to the standards derived in (2) above. The model is
subdivided by class, form, and tenure, and considers further the
location of the house, and the size of the household occupying it.
(4) A model for describing the maximum benefits of, or ability to
pay for, or economic demand of, housing. This model once again
considers the influence of class, form, location, and household size.
(5) The use of models (3) and (4) for determining the "housing threshold",
and the use of the threshold to minimise the subsidy content in
housing, by defining a policy for the location of different forms,
classes, and size of housing.
Finally, the facts that emerge from each of the above models, are
combined to formulate a housing programme that will solve the housing
problem of the particular urban area at minimum physical costs.
7. 2 Assumptions and notations for development
of the theoretical model.
Following are basic assumptions used in the model, and a list of
notations.
7.2.1 Assumptions
(1) The model will be developed to represent a typical urban area.
For the purpose of calibration and testing it is applied in the
later chapters to the city of Colombo.
(2) The population will be assumed to consist of the three major
social classes, i. e. -
Class I = Blue collar workers = working class
Class II = V hite collar non-professional workers = middle class
Class IE = V hite collar professional and managerial workers =
upper class.
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(3) The standards will be estimated for the average household
income of each class, in order to limit the range of standards.
This is necessary for practical application of the model. This
will thus represent three classes of housing, i. e.
(1) Class I = working class
(2) Class II = middle class
(3) Class in = upper class.
(4) The forms of housing will be represented by:
(1) The complete house
(2) The core house, to be completed by the prospective
tenant on a self help basis.
(3) The developed plot of land to be used for self help housing.
The details of each system will be discussed under the consideration
of form, on the initial cost of constructing a housing unit C .
(5) Tenure will be limited to two basic forms. They are:
(1) House and land on a rental basis.
(2) House and land on a rent purchase basis.
These two basic forms can be combined to produce other systems
of tenure, which will be discussed under the sections dealing with
the effect of tenure on the cost of housing to the consumer.
(6) The detailed study of interest rates is beyond the scope of this
study. Thus, this model will accept interest rates stipulated
by the Central Bank of Ceylon.
Notations
Following are notations used throughout this model, and the following
chapters.
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(1) Notations describing; the population, households, and economic
factors:
(1) P = The total population of the urban area.
(2) H = The number of households = p/ha.
(3) F = The number of females from (20-49) years.
(4) r = Z x 100, as a percentage.
(5) h = household size;
p
(6) h s household size = - (Average)
£1 ri
(7) Social classes of population are defined by the 3uffix (g).
g = 1 ; working class or Blue collar workers
g = 2 ; middle class or white collar non professionals,
g = 3 ; upper class or white collar professionals.
(8) E = normal or long run income of household.
(9) R = Real cost of housing to the household.
(10) A = Ability to pay for housing by the household or benefits.
(U) M = Annual costs of maintenance to the consumer.
(2) Notations describing the residential area, and costs of housing
(1) U = Gross residential density in units/acre.
(2) 0 = h . U = gross residential density in p. p. a.
(3) u = net residential density in units/acre.
(4) p = = net residential density in p. p. a.
(5) q = occupancy rate in persons/habitable room.
(6) S = net density in shells/acre.
(7) f = floors/shell
(8) n = units/floor
(9) = Land required for net residential area for population P.
(10) L = Land required for support facilities for population P,
s
where per capita requirement 1 = L /P.
s s
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(11) a = base area of a house
(12) B = Base area of a shell = a. n.
(13) d = radial distance from city centre to house.
(14) CL = land cost/acre.
(15) y = Form of house, where -
y = 1, complete house
y = 2, core house to be completed by self-help,
y = 3, developed block of land for self-help house.
(16) Initial costs of development are:
(a) C = land cost/housing unit = C /u
1 Lj
(b) = land development costs per housing unit.
(c) C = cost of constructing a housing unit.
c
(d) C = (Cj + C + Cc> = total initial cost per housing unit.
C = (C + C,,) = initial costs less band costs,
c dl
(17) x = Tenure of housing.
x = 1, (house +land) on a pure rental basis,
x = 2, (house + land) on a rent purchase basis.
(18) i = interest rate for amortization.
(19) t = age of house in years
(20) L = Life of house in years.
(21) I = Annual equivalent of a. mortizing initial cost C.
(22) T - period for amortization of initial costs.
(23) s = The element of subsidy.
(24) K represents constant terms with a numerical suffix to
denote a different constant.
(25) p,pt , (h , , £ , represent the power to which a
variable or constant is raised. A numerical suffix
denotes a different value.
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7. 3 A model for estimating and projecting the housing demand
of an urban area in Ceylon*.
A model for estimating and projecting the housing demand of an
urban area in Ceylon was developed by the author and presented for
the diploma in planning and housing in the developing countries in
June 1970. Hence, what follows is a brief synopsis of the mentioned
dissertation, stating the important points of the analysis, and the
developed model.
7.3.1 Fundamental concepts of the model
As discu33ed in Chapter 6, most countries pass through three stages,
namely, the stage of primary housing demand, the stage of need,
and the stage of secondary housing demand, where demand is
dependent on the social, economic, and cultural factors that dictate
the formation of households.
It was seen that the developing countries are in the stage of primary
demand, while the developed are in the stage of secondary demand.
It was also seen that countries like Ceylon situated in 3.E. Asia
have a very strong cultural tendency towards the extended household.
Hence the fundamental concept of a model was to determine the
nucleus of the household and use this to determine the number of
primary households, by determining the number of nuclei within a
population.
7.3.2 Analysis leading to a determination of the
nucleus of the household
In order to determine the nucleus of an urban household in Ceylon
the following method of analysis was developed. (This aspect is
described in detail in Chapte 1 o. the mentioned study.)
The method of analysis was as follows:
For a full discussion on this see Joachim, M.E. (1970), A model for
estimating and projecting the housing demand of an urban area in
Ceylon. Dissertation presented for Dip. (P,H. D. C.). Department
of Urban Design and Regional Planning, University of Edinburgh.
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(1) A household was split up into its basic elements called
the elements of fission.
In this case the elements selected were:
(a) Males between (25-55), i.e. between average age of
marriage and retirement from work.
(b) Females between (20-49), i.e. between average age of
marriage, and average age of wife when husband retires
from work at 55.
(c) All males 55+ and females 50+, i. e. because this group
tend to join an existing household.
(d) All males (15-25),. because they form part of an extended
household as children or lodgers till marriage.
(e) All females (15-20), since they form part of a household
till mar jiiá^e at 20.
(f) All children (0-15), as they form part of a household.
These elements were then calculated for 23 urban areas in Ceylon
for the census years 1946, 1953, and 1963, by dividing the
population in each town into the five age groups mentioned, and
dividing each group by the number of households .
The changes that occurred by place and time in the elements1 were
then analysed with respect to socio-economic changes that occurred
during the periods. All elements except one showed a different
value for different areas at different times. The element that
appeared to have a constant value was the number of females per
household between the age of (20-49). The variation was only
between -10% and +209 of 1. It was thus possible to conclude from
this analysis that the females between (20-49) appeared to be the
nucleus of the household, and confirmed the existence of the extended
household since the value was approximately equal to 1. This also
confirmed that the cultural factor seemed to overshadow the socio¬
economic factors. The variation of the value from unity could be
1
Table 1 of study mentioned in 1. page 149 gives the values for the
elements of fission for the years 1946, 1953, and 1963. Tibles 2
and 3 indicate the changes as increases or decreases.
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explained by the presence of resident domestic help who are
mainly females within the age group (20-49). Thus, richer urban
areas showed an increase on unity, while the poorer urban areas
showed a decrease. Hence, the number of females between age
(20-49) appeared to be a perfect indicator of the number of primary
households within an urban population in Ceylon.
7.3.3. The model
Based on the findings of the analysis, a regression analysis was
carried out using the number of households(H) as the dependent
variable and two independent variables, namely:
(1) The number of females from (20-49) denoted by (F).
(2) The percentage this number of females bore to the
total population to account for the presence of resident
domestic help (r).
The data used was for twentythree urban areas for the years 1946
and 1963. The 1953 data was not used as the census in that year
indicates the number of housing units and not the number of
households. The result obtained confirmed the initial findings
and gave the following equation.
H = 7109 + 0.98759F - 401.43r (7-1)
The coefficient of multiple correlation was 0. 9993 explaining
99.87 of the variation at a 0.1 level of significance1.
2
For practical use this model was converted into a nomogram ,
a d is given in diagrams(7-lA) to (7-1E).
for 80,734^H ^ , 2045 81,673^F^H846, 21. 21^, r ^ 15. 96
The above model can now be used for estimating or projecting the
primary housing demand of an urban area in Ceylon, by using
estimated values of F, and r for reading off H.
^The computer print out is given in Appendix I of the dissertation
mentioned in 1. page 149.
2
For details of preparation see Appendix II. of the dissertation
mentioned inl. page 149.
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The model is simple and uses only readily available data. For
projectors purposes the model is accurate since the value of F can
be projected using the life table and data on migration. The total
population can be projected by the usual methods, thus estimating r.
The fact that the model was valid over the period 1946-1963 suggests
that socio-economic changes have had little or nc effect on the cultural
values of the population. Thi3 is an advantage, since time v/ill not be
a major source of error in using the model for predictive purposes.
Hence, though the model appears to be static, it may be used in a
dynamic context.
To illustrate the validity of the model in estimating the minimum
quantitative requirements of an urban area in Ceylon, it will be useful
to compare estimates based on the concept of "housing need" and "housing
demand, using data from the 1969-1970 socio-economic survey.5
From Table 2 of the survey housing need may be estimated as equal
to half the married people, plus the widowed, divorced, and separated.
This is based on the observation that need assumes each of these form
a separate household and therefore need a separate housing unit.
This works out to 462,100 houses, (h = 4.75)
Applying the model developed, using data from Table 1 of the survey,
F =418,700, r =19%, giving a demand of 408,000 houses, (h = 5.40).
Hence need overestimates the real demand by 54,000 houses or 13.3%.
The household size has been underestimated by 0.65 or 12%.
1
Socio-Economic survey of Ceylon (1969-1970). Department of
Census and Statistics, Government of Ceylon - October, 1971.
Table 1. Population classified by age and sex for different
sectors.
Table 2. Population classified by marital status and sex for
different sectors.
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7.4 Models for determining the standards for the
direct development of urban housing in Ceylon
There are three basic standards necessary for formulating an urban
housing programme, and determining it3 cost. They are:
(1) The net, and gross densities for the direct development of
urban housing. This may be expressed basically in (p,0 )
persons per acre, and using an average household size (h),
in housing units per acre, (u, U)
(2) Another way of expressing densities is in rooms per acre.
To express persons per acre in rooms per acre, occupancy
rate (q) in persons/habitable room is the conversion factor.
Thus the standard of occupancy rate must be defined, in
order to determine the distribution of houses in a programme
by size expressed in the number of rooms.
(3) Space standards are equally important in determining the size
and thus the cost of a housing unit. It is also necessary to
determine the distribution of houses by size in relation to the
distribution of households by size.
In this section theoretical models will be developed for determining each
of these standards based on the social and economic factors which
determine the population. These theoretical models are calibrated
and tested by means of a survey, and are presented in Chapter 8.
Their use is explained in Chapter 11, by applying them to the city
of Colombo in Ceylon.
7.4.1 A model for determining the net and gross densities
for the direct development of urban housing.
The objective in determining standards is to base them on the socio¬
economic factors that determine the population, bus satisfying the
demand and eliminating any related social problems. Density is
no exception to this rule, and must therefore be representative of
the socio-economic demand, while at the same time minimising



































To develop the model it is therefore necessary to look more closely
at the relationship between gross residential density and costs, and
use the conclusion to determine the related net residential density.
7.4.1.1 The relationship between gross density(U). land costs,
development costs, and social costs.
It was mentioned in Chapter 2, section 2.4.2.1, that the initial costs
of land and land development can be minimised by the use of high
densities. However, it was also stressed that there may be social
problems related to high density housing, and thus densities should
be determined on a basis that satisfies the population, rather than on
purely economic considerations which are immediate, ignoring those
of the future.
Considering the effect of density on overall residential development,
there are two factors to consider. They are -
(1) The net density which comprises the residential units
and incidental open space together with access roads.
This may be measured in (u) units/acre, (p) persons/acre.
(2) The gross density which includes the net residential area,
and all other support facilities. Thus the more the support
facilities the less the gross density, and denoted by (U) and (($
respectively.
If the cost of land/unit plus development costs per unit are therefore
plotted against gross density in units/acre, the case shown in diagram
(7-2) will be obtained.1, 2 (see section 2.4.2.1.)
It thus appears as stated before that on purely economic grounds the
maximisation of densities Í3 advisable.
However, as seen, this consideration alone is insufficient, since the
indiscriminate increase in densities may aggravate social problems
Stone, P. A. - Urban development in Britain. Standards, costs, and
resources, 1964-2004. Table 7.1?, page 131.
|
This relationship will be true if all the housing units are of the same
size and form. From a theoretical point of view these conditions
can be said to exist.
161.
that nul lify the major objective of eliminating the social problems
related to unsatisfactory housing.
There are little or no specific studies that have been done to identify
housing density and related social costs. This is mainly due to the
difficulty in obtaining relevant statistics on the one hand, and the long
term period over which a study will have to be carried out in order to
obtain significant results. However, observation of areas of
unsuitable housing has shown that overcrowding and the lack of
community facilities may tend to increase social costs arising in
the form of social pathology. Hence, increasing gross densities
in new housing areas, by doing away with community facilities such
as playgrounds, open spaces etc., may reduce the initial costs
related to the development of urban housing, but is bound to recreate
existing conditions in the future, thus not eliminating the social
costs which must be borne by the community .
Pearl Jephcott1, in a study of high density housing in Glasgow, has
shown the above conclusions to be generally true. Theoréfcically it
is thus possible to describe increase in future social costs, due to
increase in gross density in units/acre is shown in diagram (7-2).
The basis on which the curveis drawn is as follows.
(1) There exist social costs created by conditions other than
overcrowding and lack of community facilities (section 2.3.3.1.3)
(2) Social costs begin to increase at a particular density level.
This level of density will depend on factors such as the
social economic, and cultural characteristics of a population,
and climatic conditions of the particular urban area. Thus
this level of density may vary for different countries, andn
for different areas within countries.
If the curves of initial, and the present value of future, costs related
to the direct development of urban housing are added, the result will
be a curve showing the total costs. (Diagram 7-2).
''"Jephcott, Pearl. - Homes in high flats (1971). Oliver and Boyd,
Edinburgh.
162.
From diagram (7-2), it is seen that related social costs can be
minimised at a certain level of density A, while total costs can be
minimised at a level B, whereB ^ A. The question is whether
one should select A, or B as the density at which future housing
should be developed. On purely economic grounds one must select
B. But, if one moves back to one of the original objectives of public
sector investment in housing, i. e. the elimination of related social
costs, one is bound to select alternative A, rather than B.
It may be thus concluded that the gross density of development should
be the maximum possible that satisfies the population. Since there
are three social classes, of different economic status, this will result
in a range of different standards. However, from a practical point
of view three standards of density may be developed, i. e. one for
each of the three social classes, using the household of oaverage
income for each class as representative of the class.
7.4.1. 2 A model for determining the maximum allowable
gross density for residential development
The conclusion reached in the last section stated that the objective
for determining residential densities should be to satisfy the popu¬
lation and thus eliminate the related social costs, while at the same
time achieve the maximum gross density possible in order to minimise
the physical costs.
To arrive at this objective it is necessary to examine the possible
relationships between
(1) gross densities and net densities
and (2) densities and satisfaction
leading to a model that satisfies the population, and use it to determine
the maximum density possible.
The analysis will be carried out using densities measured in persons
per acre, i. e. p for net densities, and # for gross densities.
163.
Net population density (p):
The net population density of a residential area i3 the total population
per unit area, where the area includes roads and intermittent open
spaces, and the space occupied by the housing units.
Gross population density (0):
The gross population density of a residential area is the population
per unit area where the area includes the space required for the net
residential area defined above together with the space required for
the support facilities, i.e. playgrounds, shops, paries, schools,
service and administrative centres etc.
In order to consider the possible relationships between the net and
gross densities, and select a suitable model, it is necessary to move
briefly through the history of the design of residential areas.
Let us consider the period just after the industrial revolution. During
this period it was necessary to house workers in industry close to the
factories. This housing was provided purely in terms of housing units
packed closely together. No allowance was made for other human
needs, and the result of this can still be seen in cities like Glasgow,
in the over crowded slums. It was only much later that the other
human needs of the working classes were even considered. "his
consideration led to the concept of the neighbourhood unit, where
the housing unit together with the support facilities were provided.
This concept is now regarded as standard practice. his concept is
in order, but the system used to estimate the land requirements for
support facilities is questionable.
Refer Diagram (7-3) and consider each case in turn.
Model 1: Period just after the industrial revolution. No land was
provided for support facilities, so theoretically net
density p is slightly greater than gross density 0
Curve (1). 0 = R p. where R is a constant 1.
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Model 2: Present planning practice.
Land is allocated for support facilities at a fixed constant
(K acres) per person, no regard is paid to the net density, (p).
:. ifl = K.
. . For a population P the land required for the net residential area
L = P (at the net density p ).
P
Land required for support facilities L =1 P = K. P.
S S •
• p
. . gross density JO = Population = ~
Total land required P + Kp
i.e. 0 =
1 +Kp
as p -* 90 , 0 !/K
arK* =
— 2 is always positive for all p.
dp (1 +Kp) r
This results in curve (2), which shows that an increase in net density
results in an increase in gross density, tending to a limit of 1/K persons
per acre. V ith the present shortage of urban land the tendency has
therefore been to keep increasing net densities with the hope of increasing
gros3 densities and thus save land.
T hat is questioned in this model is the use of a constant K for all net
densities. V ith this in mind, the following argument is presented
against the use of a constant (K), for all (p).
Model 3: Consider rman's change from a purely rural to an urban
environment. In the purely rural setting all activities were carried
out within the periphery of the house. Once man began to urbanise
he began to conduct some of these activities in common, thus
reducing his need for private space and increasing his need for
common space. Thus it may be observable that as net densities
become greater the demand for space for other activities in common
becomes greater. Therefore the demand for space for support
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facilities per capita (1 ). appears to be a function of the net density (p).
3
The functional relationship may take a form that increases as net
density increases due to -
(a) increasing the activities in common.
(b) the greater range of activities necessary as a result of
increasing the total number of people.
However, the second factor will also contribute to a decrease in the
marginal rate of increase of lard for each facility.
Therefore, lg can be expressed as,
1 = Kp~- -r*s '
where K is a constant, p the net density, and g the elasticity of
demand for lg with p, where 0 ^ ot { | representing a decrease in
fho marginal rate of increase.
Using this, a relationship between the net and gross population densities
can be defined.
As before, for a population P at net density p the land required for
the net residential area L is given by L = P
n n —
P
Land required for support facilities = L =1 . P = K.p .P.
S S MB
.*. gross density 0 = = P^,. .. (7-3)
L + L (1 + Kp** ) 1 '
s n r '
Analysing the above equation, using differential calculas we find that
the maximum gross density 0^, occurs at ^ ^ = O,
. . 1 \\ <K+T Pi.e. p = (7-4) and that the
corresponding value of 0 is given by 0 =u L \ (7-5)
m m |yK ) •Vet*l/j
This relationship is shown in curve (3) of Diagram (7-3).
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The three models can now be appraised, leading to a selection of the
model that achieves the objective of satisfying the population, and using
the maximum gross, and corresponding net density attainable.
If the population is to be satisfied, land for all its demands must be
provided. Consider Model 1. In this model housing was thought
to represent the housing unit, and other human demands were not
considered. The result is today's slums, where conditions are ideal
for an increase in social pathology. This model can therefore be
rejected as unsuitable.
The model used in present planning practice, though a tremendous
improvement on the earlier model is still not satisfactory. The main
defect of this model is that it has disregarded variety in the provision
of community facilities, and also the fact that the increasing net
densities can be achieved only by turning more individual facilities
into common facilities, thus resulting in a need for more space for
support facilities.
These defects have been overcome in model 3, which has allowed for
factors hitherto not considered. Curve (3) in the diagram thus
illustrates what happens at very high net densities, when model 3 is
used. The difference between curve (2) and curve (3) may be
related to social costs thus showing the effect of high net density on
social pathology, by using model 2.
It thus appears that model 3 is the most suitable for determining
densities. From graph 3, which describes model 3, it can be seen
that the gross density increases to a maximum and then decreases.
It therefore appears that the gross density of development should be
this maximum and the net density should be that which corresponds to
this gross density. The analysis showed that these are given by:
maximum gross density in p. p. a (0 ) =
m
and the corresponding net density i
In p.p. a. Ifm) „ (7-4)
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The model accepted has described in general what gross densities
should be provided for different net densities, if the population is to
be satisfied.
It was seen that satisfaction depends on the social, economic, and
cultural values of the population. Hence, assuming a uniform culture
for all urban areas in Ceylon, the socio-economic factors will vary,
thus resulting in different values for 0^ for different urban areas.
Climatic conditions are another factor which will add to the variations.
V> ithin an urban area itself there will be variations. This will be due
to the existence of different socio-economic groups within the population.
However, as mentioned earlier, from a practical point of view the
social classes can be three, and the average income of each group
can be treated as typical of the group. It thus appears that for each
urban area there should be three models, one for each class, which
will describe density standards for the development of residential
areas defined by working class, middle class, and upper class.
Hence it is possible to state the following general model giving the
maximum gross density and corresponding net density for urban
residential development.
*-(*M
where g, represents the social grouping, i. e. g = 1 gives the
working class, g = 2 gives the middle class, and g = 3 give3 the
upper class.
The testing and calibration of this model is described fuUf in
Chapter 8, using data collected specifically for th« purpose






OCCUPANCY DENSITY IN RELATION TO PER
CAPITA GNP
PERSONS/ROOM >■
( SOURCE ; ALFRED P. VAN HUYCK URBAN PLANNING IN
DEVELOPING COUNTRIES)
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In this chapter, however, it is considered as theoretically valid,
and used in developing the theoretical model for determining the
housing thresholds.
7.4.2 A model for standardising the occupancy rate.
Occupancy rate in persons/habitable room is sometimes used to
estimate housing requirements, and to compare the housing
situation of different countries.
The discussion in Chapter 2 showed that occupancy rate has little
or no relationship to socio-physical problems, but that it was more
related to socio-mental problems - sections 2.3. 3.1.2. Hence
occupancy rate must be determined using the concept of demand
rather than the concept of housing need, which tends to specify an
ideal rate of 1 person per habitable fcoom.
Hence occupancy rate for urban Ceylon must be compatible with
the socio-economic demand, using the assumption that cultural
values are the same for the urban area. The model must thus
propose a relationship between occupancy rate, social status, and
economic level of the household.
The general relationship between economic level and occupancy
rate can be seen from the graph developed by Van Huyck*,
(presented in diagram 7-4). Quoting from the study he says:
"The graph reveals three interesting benchmarks which
can be useful in determining housing gods and standards.
First one can conclude that the 'affluent' housing standard
of 1 room per person or more can be obtained only after the
general standard of living has reached or is about to reach
a level commensurable with a G. P. of 31, 000 (in 1960
prices). However, occupancy ratios do not improve signi¬
ficantly after that level has been reached although the rise
in per capita G. . P. will continue.
Van Huyck, A. P. Urban planning in the developing countries.
Graph 2, pages 85 and 86.
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Dl AG - 7-5
THEORETICAL RELATIONSHIP BETWEEN
OCCUPANCY RATE (q ) IN PERSONS/ROOM
AND SOCIO ECONCMIC STATUS POR
AN URBAN AREA.
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"The second bench mark occcurs at a density of 1. 5
persons per room which, as previously mentioned,
constitutes the crowding threshold of the U. S. housing
programme. This standard seems to be obtainable at a
per capita G.N. P. level of approximately 5500. The
cluster of nations in the vicinity of this mark include
Chile, Cyprus, Greece, Japan, Puerto TUco, Poland,
Venezuela and others.
"The third bench mark at 2.5 persons per room occurs
at a G. N. P. level of $150. Countries in this cluster
include Ceylon, India (on the low side), El Salvador,
Honduras, and Yugoslavia.
"At this point the question may be asked how this kind of
indicator could be used as a criterion for the programming
of housing? If one takes, as an example, the case of
India, it is quite obvious from the graph that a national
target for the next 10-15 years could not exceed a
standard of 2.5 persons per room. "
A graph similar to the one constructed by Van Huyck on an inter¬
national basis could be constructed for specific urban areas
indicating occupany rate on the y axis , and normal or long run
household income on the x axis. Diagram (7-5) indicates the
probable shape of the graphs.
The graph constructed by Van Huyck showed deviations from the
norm. These deviations may be due to social, cultural, and
climatic variations. Assuming cultural and climatic conditions
are constant for a particular urban area in Ceylon, variations
may still occur due to social status. Hence the graph must be
constructed separately for each social class, as shown theoretically
in diagram (7-5). The graphs may take the forms indicated in the
diagram, i. e. higher social classes may respond faster with
increase in income, and have a higher ultimate standard in mind.
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The standard to be adopted for each class may therefore be the
occupancy rate indicated at the average income of each class. These
are indicated in the diagram as q , q , and q , at incomes oflá ű
E E , and E , respectively.
1 á ü
The testing of this model and its calibration, was done using data
obtained via the survey described in the Appendix,I, and is
presented in Chapter 8. Its use in formulating an uiban housing
programme is presented in Chapter 11.
7.4.3 A model for determining space standards
Models for determining space standards are not new. I odels
developed so far have been based either on the very simple
assumption of a fixed quantity of space per person, or on the
basis of a minimum space plus a further fixed constant amount
per person.
The main drawbacks of these models are:
(1) That they assume a constant consumption of space per person.
This is not so in reality since at higher levels of consumption
the satisfaction gained by a marginal increase is less than at
lower levels. Hence, the model should be based on a
decreasing marginal rate of increase.
(2) The models used have been generalised for all groups. This
again is not strictly true. Observation of different social
groups shows that as social class increases, so do activities
within the house. This results in a demand for more space
by the higher social classes. Hence, a model of consumption
of space will be true for a particular social class. The
general form of the model may be the same, but the constants




(3) The economic factor is another important variable in the
consumption of space. Though socially a household may
demand a certain amount of space it may not be economi¬
cally capable of paying for it. This will result in socially
similar households, of the same size, being satisfied with
different space standards. This may be overcome by
developing a model which caters for households different
in size, but of average income. This is in addition to
dividing the households by social class. The use of
average incomes is necessary to make the model practi¬
cally workable.
From the foregoing it is possible to state the following theoretical
model. The area of a house (a) for a household of size (h), which
has an average income, and belongs to social class (g) will be
given by:
a<r = K1 «r h Pl»g <7"8)
where p represents the elasticity of demand for space with
S
respect to change in household size. The value of p^ ^ is less
than 1, and greater than zero. K is a constant. Diagram'
• 'Á
(7-6) indicates the theoretical relationship graphically.
As mentioned, models presently use are of the form
a =K1 + K2h (7"9)
where K and K are constants and h household size.
-L Z
These models assume that g is constant, and that p^ is equal to
1. (Diagram 7-6 indicates the form of this model.)
In Chapter 3 a model of the form given in equation (7-9) was used to
estimate overall investment. It will be useful to comment on the
validity of the model in that particular context.
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The objective in Chapter 3 was to estimate the area of a house
required by an average household, so that using an average
estimate of cost per unit area and the number of households, the
total cost could be estimated.
The more detailed model presented here is for a particular uiban
area, hence averaging out the three models will give a model
describing the average consumption of space, 'i his model will
tally closely with the net result obtained by using a model of the
form given in equation (7-9). Hence when viewing the problem
from the national scale use of the existing model for estimating
the total costs will not produce any appreciable error. However,
for reasons explained, at the urban scale for drawing up a detailed
housing programme the error will be appreciable, not from the
overall cost point of view, but in the distribution of houses by
size envisaged within the programme.
The model presented by equation (7-8) is calibrated in Chapter 8,
and used in Chapter 11 for formulating an urban housing programme
for the city of Colombo. The validity of using a linear model in
Chapter 3 is also established in Chapter 8 by comparing the average
size of house using the two models.
7.5 A model for expressing the real costs to the consumer (R)
In Chapter 6, section 6.2.1. the real annual costs to the consumer(R)
were given in equation (6-3) as R = I + R'
where I represented the annual cost of amortizing the initial costs,
and RT represented the annual costs of maintenance.
It was seen that I was dependent on standards, and that standards
were dependent on the socio-economic factors, when all other
factors were held constant. Thus in section 7.4 the standards to
be provided for the different social classes, of average household
income, were developed.
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The standards developed must be provided for the different social
classes if a solution to the urban housing problem is to be achieved,
and these standards must be provided at the minimum physical
costs within the limits of technology.
Hence, in this section the initial cost(C^) of providing these standards
will be expressed in terms of a model which incorporate the factors
of location, variable household size, and variable form. hese
costs will then be expressed as the annual equivalent of amortizing
the costs, represented by (I) for various types of tenure.
Finally, an expression for the annual costs of maintenance will be
developed and used to establish a model which expresses (R) in
terms of all the variables. This model is then used to define the
housing threshold, which is used to minimise the physical costs.
7.5.1 • he detailed models to be developed
The initial cost of housing per unit is given by the sum of the initial
C03t of land per housing unit (Cj), the cost of developing the land
per unit (C ), and the cost of constructing the housing unit (C ).
CXI c
These as seen will depend on location, household size, form, and
standards. Standards will be as developed for the three social
classes, therefore the model must be calibrated for each social
class (g). Hence the first model to be developed is one which
expressed the initial cost/unit (C, + C „ + C ) = C , ofx 1 dl c u
providing housing for the different social groups (g), considering
the effect of variation in household size (h), location, and form,
denoted by the suffix (y).
The next stage is to develop a model that converts these initial costs
into the annual equivalent of amortization (I);
i.e. I = f (Cj + Cdl + C ) = f (Cu).
This will depend on:
(1) the interest rates charged (i)
(2) the method of amortization
and (3) the policy on tenure, denoted by the suffix (x) , where




Finally, i nodal relating the annual costs of maintenance to the
initial costs (C^ + C^) excluding land costs, and the age of the
house (T) in years must be developed.
These detailed models can then be used for expressing the real
costs (R) in terms of social class (g), form (y) and tenure (x) for
variations in location and household size. Diagram (1-7) represents
the foregoing statements.
7. 5. 2 A model expressing the initial CQ3t per housing
unit C = (C, + C„ +C )
u 1 dl c
At this stage the model will be developed without including the suffix
for social group (g). This suffix will be added at the final stage to
distinguish the initial costs of providing housing for the different
social groups. Variation in form will also be included using the
suffix (y),
7. 5. 2.1 The initial cost of land (C^) per housing unit.
The cost of provision of land per housing unit for the direct develop¬
ment of urban housing depends on two factors. They are:
(I;) The price of land per acre
and (2) The net density of development measured in housing
units/acre.
(1) The price of urban land
Studies done1 have shown that the price of urban land decreases
exponentially with increasing distance from the centre of the
city. However, this expression is true for the average price
of land at various radii. Variations along a radius have been
2
explained by Stone to be caused by variations in density .
1Richardson, Harry W. (1971). Úriban economics, page 50.
Penguin Books, England.
2
Stone, P. A. (1970). Urban development in Eritain. Standards,
Costs and Resources, page 133, which gives the variation for
land costs in the london region as
1 nnn ~d/28'
C = 1000 (23 + 4u) e
L 3
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However, for the purpose of this model average variation is considered
sufficiently accurate, and thus land prices may be related purely to
radial distances. Another reason for not considering density is
because this model is concerned mainly with building houses on
undavoped land where u = 0.
Hence the cost of land per unit area C will be given by:
"Vd
C = K C ,C> (7-10)
L
This equation will be checked and calibrated for the city of Colombo
in Chapter 9, using data of land values obtained from the planning
department of the Colombo J unicipality.
(2) Net density of development
In section 7.4.1. 2 it was seen that the net density (p) of development
to produce the maximum gross density, should be
JL
1 dl 1
( \ persons per acre.
dK
For a household size h, this would mean u units per acre, where
u ^ = í
,
1
i. e. —- acres per housing unit = h. (3K)
Since each housing unit requires h. (SDK) acres of land, and
the price per acre is C , the cost of land per housing unit C willL 1
be given by
1_
C = C . h («K) * + 1 (7-11)
1 L
Substituting equation (7-10) the cost of land per housing unit can be
expressed as follows:
"K7'd scTi
Cj = Kg e . h. («K) (7-12)
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Since K. K*. K_, and « will be known it is possible to determine9 o 7
the cost of land for a housing unit situated at a radial distance, d,
from the city centre, consisting of households of size h, or house¬
holds of different sizes having an average size h. Simplified
equation (7-12) may be written as
—4? d
C. = C0 h. e 5l.g 3,g.
where C„ and r are constants.
3,g 5
Hence for various social classes (g) the general expression will be:
1
Cl.g * K6 e' "K?'d h' K/B +1 (T-lBa)
for all g.
There will be no variation in the constants that describe variation in
land prices with distance. There will also be no effect due to variation
in form, and tenure.. Only the density of development will be affected
due to variations in social class.
7.5.2. 2 An expression for the net density (u) in housing units/acre,
expressed in terms of shells (§)/acre, floors (f)/shell,
and housing units per floor (n)
Density expressed in housing units/acre is an imp# tant factor in
developing expressions for the cost of land development, and the cost
of construction per housing unit. However, this broad definition will
be useful only if all housing development is to be of the same type,
i. e. of the same design.
In practice this is not so, and therefore it is necessaiy to define more
fundamental variables, which will be capable of describing various
types of design.
The fundamental variables selected are:
(1) Shells/acre (S)
(2) Floors/shell (f)
(3)) housing units/floor (n)
These variables are defined and related as follows. Diagram (7-8) is
useful in explaining the definitions.
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DIAG. 7- 8
A DIAGRAMATIC EXPLANATION OF
NET HOUSING DENSITY IN UNITS/ACRE
u (UNITS/ACRE) = S ( SHELLS/AC RE ) * f ( F LOORS/S HELL) * n (UNI TS/FLOOR )
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7.5.2.2.1 Definitions
Shell: A shell is bounded by the base, outer surface walls,
and roof of a residential block.
A block of flats or a single detached house would then be
described as a shell. Hence, Shells/unit area will be the
basic d finition of net residential density.
Floor: A floor is a vertical divider of a shell, which is used
as a base on which a unit or pare of a unit is constructed.
Therefore, considering the base as floor 1, a shell can then
be said to have f floors where f is any +ve integer.
Unit: A unit is a housing unit. It is possible to have many
units/floor as in a block of flats or even half a unit/floor as
in a detached two floor hoise.
Suppose a residential area can be described to have S shells/
unit area, and each shell has f floors, and each floor n units.
Then the density in units/acre (U) will be given by -
U = S.f.n (7-13)
Using this equation it is now possible to study variations in
cost for the same density, due to difference in the design of
building which is described adequately by S, f, and n.
7.5.2.2.2 The derivation of some general relationships which
will be U3ed in the following analysis
1. The base area B of a shell is given by -
B = n. a (7-14)
The common space of corridors etc. are divided equally
among all the units of the floor.
2. The number of shells/acre will decrease with an increase
in the base area 0 of the shell. As the number of floors
increases it will be necessary to move the shells further apart
when taking day lighting into consideration. Therefore the
number of shells per acre should decrease with an increase in
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the number of floors, "i herefore the number of shells per acre
can be expressed as
S = K B ~ P3 f " P4 (7-15)
ó
where p and p are most probably fractional powers.
u 4
The above equation can be expressed as
log S = log K - p log B - p log f. which can
ó o 4
be used for determining IK , p , and p . This will be
w d 4
done by studying various net residential areas within the city
of Colombo, and using the data to fit a least square regression
line. This calibration is presented in Chapter 9.
(3) p = u. h by definition
i.e. ■? = S.n.f. From equation (7-13)
n
3 = K B_P3-f ~p4 Equation (7-15)
u
I = Kg. (''-Po' n. B"P"
8 = n.a. Equation (7-14)
(-P3+1) -pa (l-p4)
• JL_ = Ko- n «a . f *
* • « O
h
a. a k hPl»£ Equation (7-8) for g=l, 2, 3
6 x »g
•
B K . K "p3 h" plp3. n(l- f (1-P4>' *
h 3 1
i [P3'1'
f1 " P4) n * 1 p4 .i.e. f = ü ""p. h<pip3- S
K„







for g =1, 2, 3.
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-i hua for a particular household size (h), of a particular social
group, the number oi floors in a shell and the number of units
per floor are governed by the relationship ( 7-16), at maximum
net population density
3 The initial cost of land development (C.j) per housing unit
The development of land for the net housing area includes the pro¬
vision of roads, potable water supply, sewage and waste water
disposal, and power (electricity).
It thus includes the basic amenities to be provided in order to
eliminate the socio-physical problems related to the direct develop¬
ment of urban housing (section 3. 3.3.1. 2), together with power.
Since the discussion here refers to urban housing, roads will be
considered to be motorable, the supply cf potable water will be
through a pipe borne system, i. e. individual wells for each house
are not considered. The disposal of sewage and waste water will
be limited to a system which carries away the waste water and
sewage through a pipe network, which carries the affluent away for
treatment of some form. Individual soakage systems may be adopigble
for low density areas.
Studies1 done to date have shown that in general the cost per housing
unit of land development tends to decrease with housing density,
and appear to be related logarithmically.
1(a) Stone, P. A. (1970) Urban development in Britain: Standards,
Costs and Resources. Page 131.
<b) §ö3HÍé, ''.A. (1963) Housing, Town Development and Land Costs,
Estates Gazette Ltd. London.
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It will be appreciated that these relationships will be true for
housing similar in design. However, the treatment of the subject
here tries to incorporate the possible changes in design, though
having the same density, i. o do this the definition of housing density
developed in section 7. 5. 2.2 will be used.
According to the studies carried out and mentioned previously,
C„ = K_ . u~X (7-17)dl 5
where 1^ x ^0.
But u = s. f. n. (7-13)
Hence the use of u represents the average effect of individual
changes in S, f, and n.
To incorporate the effect of these more fundamental variables,
C „ can be expressed as
dl
-PR +P "P10
C„ = K_.S . f . n . . . . (7-18)
ül o
p is treated as negative since it can be compared as similar to
O
equation (7-17) where each shell can be considered a unit.
he value of p on the other hand may be +ve. his may be due to
the fact though increases in f increase u, the pressure head in
the water1 mains must be increased to reach greater heights. It
also becomes necessary to use cast iron instead of earthenware for
exposed sewage pipes.
p^ q on the other hand may be -ve, since increase in n will lessen
the overall length of roads and piping needed
Equation (7-18) was calibrated using unpublished data collected
from the records of the department of national housing in Ceylon,
and is presented in Chapter 9.
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Assuming at this stage the theoretical validity of this model, the
cost of land development per housing unit can be expressed as a
function of household size (h), and the number of units per floor (n).
This relationship will be similar for the three social classes bug
will have a variation in the constants due to the variation of density
and space standards for each class. Therefore, for a specific
class, using the relationships derived, i.e.
S . Ks B "P3 f ~P4 (7-15)
B = na (7-14)
P1 K
Ag= h i,B (7-7) forg =1,2,3
for g = 1, 2, 3.
and substituting in equation (7-18), an equation of the form given
below will be obtained.
r3,g **4,g
i.e. C = C h n ' (7-19) for a 3ociald1-8 2-S class .
where the constants C , r , and r can be derived using
equation (7-18) and the equations given above. The theoretical
expressions derived using simple algebra are tedious and have thu ?
been omitted.
The practical derivation of this equation is presented in Chapter 9,
using the practically derived equation mentioned above.
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7.5.2.4 The Initial cost of constructing a housing unit. (Cc)
The initial cost of constructing a housing unit depends on two
factors. They are:
(1) The area of the housing unit ( a in sq. ft.)
(2) The cost per sq.ft. ^,Cc ^
a
The area of the housing unit will depend on the household size (h),
and the relationship between the area (a) and household size (h).
In section 7.4. 3. it was shown that the relationship between area
and household size is given by
P1 g
a = K . h (7-8)
g l.g
where g, represents the social class for which the housing unit
is being provided.
C c
The cost per sq. ft. (-5—) will depend on:
(1) The total area of the house. Stone1 has shown that
(Cc/a) appears to decrease as (a) increases, but at a
decreasing rate of change.
(2) The number of floors (f). Here again the work done by
2
Stone shows that Cc/a tends to increase at a de¬
creasing rate with an increase in the number of floors (f).
(3) The third factor is (n), the number of units per floor.
An increase in (n) may tend to reduce (Cc/a) due to
economies of scale. The relationship may once again
be described as (Cc/a) decreasing at a rate which
reduces with an Increase in (n).
"P2 P6 ~P7
n
Hence, the cost of construction/sq. ft. (Cc/ ) may described
by the following equation.
(Cc/a) = .a f
where from the earlier statements it may be inferred that p9,
P6, and p^ are fractions.
13tone, P. A. (1970). Urban Development in Pritain. Standard3,
Cost3, and Resources. 1964-2001. Fig. 7. 2. parr * 114.
"
Op.cit. 11 fig. 7.3. page 119.
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The equation above may be also expressed as
(1 " PJ Pfi - Pr
C = K . a 2 f 6 . n r
c 4
putting p,. s (1 - p ), the value of p will be fractional, and
O b O
positive since p2 is fractional.
Therefore:
PR P. "P.
C e K. . a 5 f. 6 . n 7 (7-20)
c 4 v
This model is tested and calibrated in Chapter 9 using data obtained
from the records of the department of National housing in Ceylon.
The data used is adjusted to a base year to make allowances for
inflation or deflation in the construction industry.
Assuming at this stage the theoretical validity of this model, and




x - 'K ~ n. V 1 - P4 J
(7-16)
for g = 1, 2, 3
The following expression for C can be derived, using the
&
independent variables h, and n
r r
i.e. C « C . h 1,g* .. n 2\g (7-21)
L»b 1»5
The theoretical expressions for C, r„ and r„ are not
l,g, l,g 2, g
given here. The real values for these constants are given on
practical derivation of the independent equations In Chapter 9.
It will be useful to note that equation (7-21) above is similar to
that used for describing the cost of developing land for housing,
per housing unit, as both depend on household size (h), and units
per floor (n), as independent variables.
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Equations <7-19) and (7-21) can now be used for determining the
basic design variables for the provision of housing at the minimum
initial costs of land development, and construction per housing unit.
The methodology will be the same for all social classes (g). However,
the values of the variables will be different since the constants of
equations (7-19) and (7-21) depend on g.
The minimum cost of the housing unit and land development (C C^)
The preceding sections have dealt separately with the cost of the
house and the cost of developing the land per house. These can now
be combined to arrive at a minimum cost solution, using equations
(7-19) and (7-21).
The cost of construction is given by:
Cc ® Cj . hrl nT2 (7-21) forg=l, 2 or 3.
where C is a constant, r and r are powers which may be
1 X £
positive or negative.
Similarly the cost of land development per housing unit
C = C hr3. nr4 (7-19) for g = 1, 2 or 3
€11 <2
where is a constant, r and r^ are powers which may be
positive or negative.
Of interest now is the behaviour of the function (C + C„) for any g.
c dl
Ref Diagram (7-9). Three possible cases arise, for a fixed household
size h. They are (1) r and r both positive i.e. r y 0;<2 4 X'
r 0. Diagram (7-9A). This particular case can be divided into
four subsets i.e. (la) 1 ^ r^ ^ 0 ; 1 ^ r4 ^ 0
i. e. . ® > rr r2. r.,. >. -=o
«u» 1 7 r2 7 0
<M r2> 1
(Id) r > 12?1
r4> 1








In this case both C , and C „ increase with an increase in n.
c dl
This therefore indicates that the minimum solution lies where n
is practically smallest. This would mean n a k, where each
housing unit is divided betv/een two floors.
2. r^ and r4 both negative, i.e. r? ^ 0 and r^ ^ 0.
In this case both C and C.. decrease with an increa se in n.
c dl
This therefore Indicates that the minimum solution lies in using
the practically largest possible value for n. Achieving a
minimum cost solution depends on the ability of the architect to
convert it into a design, which maximises n.
3. Where r,} and r^ have opposite signs, i.e. either r^ < 0 ■ r4> 0
or r2 0. In this case one factor increases while
the other decreases with n. This particular case results in a
specified value of n which produces the minimum value of
<Cc + C^j). This value of n is then used as a ba sis of design.
At this stage one cannot say that a definite case will occur for all urban
areas of all developing countries, but one can say that one of the above
cases will occur for a specific urban area of a specific country. Hence,
it will be possible to decide what basic form will be the cheapest in
terms of the cost of the unit and cost of development of the land, for a
specific household size h. By varying h over its entire range one
will be able to make similar decisions for all h. This decision
regarding the value of n could then be used to determine the values
of f, and S. Thus this information will be the basic data for the
design of a net residential area at minimum cost, while at the same time
retaining the specified density which minimises total cost by maximising
the use of land.
This analysis must also be applied to various 3ocia1 classes, since both
equations (7-19) and (7-21) vary for different g.
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In Chapter 9 £í this analysis is used to define n, f, and S for
the city of Colombo, for different social classes g, and varying
household sizes h.
7. 5.4 The effect of form on the cost of Land development (C
and the cost of construction! C^ )
In section 7.5. 2. 3 and section 7. 5. 2. 4. two general relationships
were derived connecting the cost of land development and construction
of a housing unit to the household size (h) and the number of units
per floor (n), for the three social classes denoted by (g). These
expressions were derived for a complete house.
It was seen in Chapter 3 that in order to achieve the level of investment,
it may be necessary to utilise the labour potential via methods of
self help housing.
At the beginning of this chapter under assumptions, three forms of
housing were to be considered. They were denoted by the suffix y
and are:
(1) The provision of complete houses. & =1)
(2) The provision of core houses, to be completed on a
self help basis by the prospective owner or tenant (y = 2)
(3) The provision of serviced blocks of land, for the
provision of the housing unit on a self help basis, (y = 3).
In view of this it is necessary to consider the limitations on the use
of equations (7-19) and (7-21), for core housing, and complete self
help housing.
The proportional distribution of costs between the public and private
sectors for each of these types will be considered in the next section,
which deals with the cost of housing to the consumer.
Case (1) core housing: (y = 2)
In current practice core housing is the provision of the main core
of the house, with services to the tenant. The house is then com¬
pleted by the tenant through his own labour or with hired labour.
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In certain cases financial assistance for the purchase of materials
may be obtained, while in other cases the tenant uses his private
funds to improve his house with time.
There are limitations to this system. They are:
(1) This type of housing in practice can be limited only to the
ground floor, i.e. f = 1.
(2) The number of units per floor, however, can be varied. For
example, a row of terraced core houses may contain about
10 to 15 houses.
Thus when applying the equations (7-19) and (7-21) developed for the
complete house, the value of f is treated as equal to I, and the
only variable left is n.
The original equations are altered as follows:
Equation (7-13) U = S. f.n. becomes U = 3. n.
Equation (7-14) & = n. a. remains the same.
Equation (7-15) 3 = K B P3 f p4 becomes S = K B 3
3 <3
Equation (7-20) Cc= ^ n becomes Cc = aP5 n
Equation (7-18) S p8 f P9 n - >1 0 becomes =K5S P8 n.
Expressed in terms of h and n, C and become,
C = K K P5 hPl P5 n ~P7.
c 4 1
CT, = K K ~p8 A P3 P8 n ~P10dl 5 3
= K K ~P8 nP3P8 K P3 P8 h P1P3P8 n P10
5 3 1
C = K P3P8 K ~P8 K . h P1P3P8 n (P3P8 - P10).
dl 1 3 5
We can now express .Cc and as in the case of the completed house,
for a social class (g) as
C„ „ = C1 w h ^ nc»5 *■ t K
Cdl.g - °2.g " '»•« »'«•« <7-,3>
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These equations can now be analysed as before, and the optimum value
of n obtained. Using this value of n we obtain S, and thus the basic
design data.
Case (2) Self hfelp house, (y = 3)
As before we encounter limitations in the practical application of this
system. They are
1. as before f = 1.
2. In this case the number of units per floor will be limited
to n = 1, since each house will be constructed completely
by its individual owner.
bére again we save on labour, the materials for the house may be
supplied, via a loan or left to the individual to purchase with his own
capital.
As before we apply equations (7-19) and (7-21) to this system.
Equation (7-13) U = S. n. f. becomes U «= sy
Equation (7-14) B = n. a. becomes B = a
Equation (7-15) 3 = K B~P3 f~P4 becomes S = K a~P3
u .5
Equation (7-20) becomes a P5
Equation (7-18) becomes C., = K_ S P8al 5
i.e. C = K_. K P5 hPlP5
c 4 1
and C., = K K ~P8 a Pgp8 - K. K,Q ~p8 K P3P8 hPlP3P8ai O o D o 1
C . K, P3 Pe K P8 K . hpl "s"8dl 1 3 5
i. e. C = C hri g .... (7-24) and
c,g l,g
cji = C hr3,g ....(7-25)dl,g 2
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Using the foregoing it is now possible to draw up detailed policy for
guiding the overall design of urban residential areas in Ceylon,
which minimises the coat of land development per housing unit and
the cost of the housing unit, using the technique developed in section
7.5. 3, and applying it to various forms.
The data provided will include a subdivision by:
(1) Socifal group (g) for g = l, 2, 3
(2) Form of house using,
y = 1, complete house
y = 2, core house
y = 3, the developed block of land.
(3) household size (h).
For each of the household sizes, the values of 3, f, and n, will be
defined, which will form the basic data for design of the residential
area. It will, of course, be appreciated that this daia will be in
addition to the net density defined (p), the occupancy rate (q), and the
space standard for housing given by (a).
These standards have been developed for the city of Colombo, and are
presented in Chapter 9. Their use in drawing tip a housing programme
is explained in Chapter 11.
7.5.5 A mathematical expression for the minimum initial direct co3t
of housing per unit, at radial distance (d) from the city centre
The direct cost of housing per unit C^ ^ is given by:
C ja C + C _ + C, for a social class g.
u,g c,g dl,g l,g
where C is the co3t of construction of the unit, C,, , the
c,g dl,g
cost of development of net residential land per unit and C the cost
1»s
of land per unit.
W e have analysed the variation of each of these cos 3 with respect to
the factors that affect them. 1 hese results will now be applied to




C ase (1) - the complete house: (y = 1)
From equation (7-19) and equation (7-21) it is possible to decide on
the residential layout that minimises C and C „ . Let the
c,g (fl.g
optimum value of n be then N, for a particular h.
ri r<> ra ra
Then (C . + C„ ) . = (C, hliSN ,g+ C h3,gN4,g)v cl,g dl.g min, l,g 2,g
The cost of latid per unit will be given by:
C. = Cn . h. e "r5. d (7-12, simplified)
l.g 3,g
**' CA = C • h 1,S N *g + C h 3,SN4'g + C h. e. "r5,dd,g l,g 2,g 3,g
(7-26)
This expression gives the minimum initial direct cost of providing a
complete house for a household of size h, at distance d from the
city centre.
Case (2) - the core house: (y = 2)
The expression is the same, but the constants C , C , C , r r
l <5 J X 9 jj
r3, and r^, will differ, while the constant r._ will remain the same.
The value for f in this case is 1. Equation (7-27)
Case (3) - the self help house, (y = 3)
In this particular case both f and n are equal to 1.
C and C., are then given by:
c,g dl,g
r.
- ~ ^ - - h
c,g l.g dl.g 2,g
r, r1,g
+ C h
d,g l.g 2,g 3,g
.... (7-28)
C
_ = C h 1'S and C „ = C„ 3,g
Then C. » C. h 1,g + 3,g + C . h. e"r5.d
When r , r , C , C , C , have values different to that of the
X o X it o
previous cases, r and r are non existent, and r remains the same.
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The above expressions represent the minimum direct cost per
housing unit, for housing a household of size b at minlmira initial
cost, using the three specified types, at a specified point relative
to the centre of the urban area. The constants will vary for
housing of different classes, and therefore a set of equations mu t
be obtained for each class.
The sets of equations for determining the minimum initial cost
of providing housing per unit for the city of Colombo are given in
Chapter 9.
7.5.6 Tenure and the annual cost of land to the consumer
The assumption which this model considered was that there were two
basic forms of tenure applicable. They were:
(1) A pure rental basis. x = 1
and (2) A rent purchase ba^is. x = 2
It Is therefore necessity to determine what these two forms cf tenure
represent to the consumer in terms of annual co3ts. This particular
section will deal with the annual cost of land and its relationship to
the two forms of tenure mentioned, \bove.
7.5.6.1 Pure Rent
The existing system for determining land rent for land belonging to
the public sector is governed by the land commissions circular*
which states that the rent to be charged for land will be four per-
centum per annum of the value of the land. It must be noted that
as land values change with time, the rent can change.
This system is useful and can therefore be retained and used to
guide future public sector Investment in the direct development of
urban housing.
However, it will be noted from the conclusion reached in Chapter 4,
section 4. 3, that this system will be useful only where the land is
*
Circular governing land rents, Land Commissioners Circular No. K. S.
2571 of 28th .Tune, 1952. Government of Ceylon.
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already owned'by the public sector, and therefore excludes the
initial cost of acquisition. This confirms the observation that as
far as possible housing for rental purposes should be on publicly
owned land.
This system is not realistic if applied to private lands which are
acquired for the purpose. In this case the initial costs must be
amortized over a fixed period of time and would therefore cost
much more to the consumer, or create a need for a subsidy, which
must be avoided. (Section 7. 5.6. 2)
Hence annual land rent can be expressed as:
I = 0. 04. c, (7-29)t,g,l l,g 1 '
for housing on a purely rental basis where C is the cost of land
i»S




Using the conclusion in section 4. 3, the annual cost of land to the
consumer, if it is being purchased on a rental basis, is represented
by the amortization of the initial cost over a period of time (T years)
on an equal instalment basis* at i 9? compound interest per annum
on a depreciating capital. 1^ ^ 9 may be expressed as:





(1 * Too1 -1 J
(7 30)
his system may be applied to publicly or privately owned land. In the
ca3e of private land the original owner may b paid in bonds (section
4. 3) redeemable at a face value which includes the Interest rate i
annually as payments are made by the new owner. Hence this initial
cost of land need not be met by the public sector.
1
The derivation of this formulae is not given here as it is a standard
form used.
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• 1 Tenure and the annual cost of land development
to the consumer
In housing either for rent or rent purchase, the infrastructure
developed will always belong to the public sector. It will also be
the responsibility of the public sector to maintain this Infrastructure.
Hence, in either case the public sector must charge a rent for this
infrastructure which must comprise two components. They are:
(1) The recovery of the initial costs
(2) The costs of maintenance.
The recovery of the initial costs is necessary to avoid a hidden
subsidy. This also applies to the maintenance Of the infrastructure.
To the consumer these costs may be either a part of the annual rent
charged, or a part of the local authority taxes. In either case the
consumer must bear these costs.
In addition to these costs the consumer may have to pay for the
consumption of items such as electricity, water, and gas. These
costs are generally based on the unit cost of production, and the
maintenance of plant. This aspect is not treated as part of the cost
of housing, since it depends on the individual household's consumption
patterns. This aspect therefore forms part of general household
expenditure, and is a separate part of the household budget.
From th9 foregoing it can thus be concluded that the cost of land
development to the consumer can be treated in a manner similar to
the cost of construction and maintenance of the housing unit, as
will bo seen in the next section.
It must be noted that land development costs treated here refer
only to the net residential area, and not the overall infrastructure
development of the total urban area. This aspect must be treated
separately and is not within the scope of this study.
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7.5.8 Tenure and the annual co3t of the housing unit to the
consumer, Including land development costs.
In section 7.5.6 expressions were developed for renting, and rent
purchasing land for the housing unit. These were denoted by
L
, and I,Xg.l l.g,2
In section 7.5.7. it was seen that the recovery of the initial costs
of land development and construction of the housing unit could be
treated in a similar manner. Let these be represented by
dl,g,y,x C,g,y,x
where the suffixes denote the following
dl = land development costAmit
C « construction cost/unit
g = the social class for which the housing is being
provided, i.e. g*l, 2 and 3.
y = the form of housing denoted by y = 1, 2 and 3 and
x = the form of tenufce, where x = 1 denotes pure rent, and
x = 2, denotes rent purchase.
The conversion of the initial cost C to the annual cost I is
governed by the equation:
C it
100
0 +Mv 100 1 T/t
■\ '"A -!
• • • • (7 - 31)
100 '
where:
i s denotes the rate of interest
t « the time period between payments (yrs)
T = the total time of amortization (yrs)
The equation above is based on the principle of equal instalments paid
every t years, starting t years after date on which the contract is
signed, and going on for a total of T years. The number of instalments
will be (T /t ). Further, the principle includes interest calculated on
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a depreciating capital. The derivation of this formula is not given here,
as it is a standard acceptable form. The special case of t = 1 year
is used in this model; whence equation (7-31) becomes
This form has already been used in section 7. 5.6. 2 to denote the
rent purchase value for land.
Using equation (7-31 a) it is now possible to convert
(C„ + C )dl.g.y. c.g.y
to its annual equivalent
Equations describing the minimum initial value of (C, + C ) have
OA C
been derived for all g, y in section 7. 5. 5.
T'Vilo 4a rHtran Kir
Thus for both forms of tenure, i. e. rent or rent purchase, the same
equation can be used. However, the real rent will finally depend on
the value used for (T) the time in years over which the costs are
amortized. (T) must be selected to make the annual equivalent as
small as possible, and must coincide with the value of (T) used for
the amortization of land costs. The rate of interest (i) is fixed in
this case to the amount stipulated by the Central Bank of Ceylon.
The selection of (T) that minimises the annual equivalent cannot be
selected in isolation, since (T) controls the maintenance costs (1\-).
Thus it is necessary to first consider the variation of (M) with (T),
and thus select (T) such that the total costs to the consumer (R) are
minimised.
(7-31aV
(I^i + Iv dl,g,y,x c.g.y,x
(7-32)
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7.5.9 The annual cost of maintenance (M) to the consumer
7.5.9.1 The total cost of maintenance
Whether the house is sold on a long term mortgage or rented
it needs to be maintained. Maintenance is also necessary for the
infrastructure serving the nett residential area. These costs
must therefore be met by the tenant.
Studies^ have shown that the cost of maintenance (M^ of a
house and infrastructure at age t yrs. is proportional to the
initial cost of the housing unit and the initial development costs
per unit.
Therefore, for all g, y, and x. the cost of maintenance (M^)
in the t*k year is given by:
M. . (C + C„) X K. (100 (7-33)t c dl' 8 100
where qr« is the average rate of inflation in the building industry,
based on the price index at year 0. K is a constant. The total8
cost of maintenance after T years is therefore
T T
f <Mt). dt = <Cc + Cjj) Kg . [ (100 + qt) t . dt
o 100 o
«... mT - <°c+ cdi> js rüü .üi
100 I 2 3
7.5.9.2 Recovery of maintenance costs
The maintenance of housing provided by the public authority is necessary
from the point of view of maintaining the housing stock in a satis¬
factory condition and retaining its value.
If a house is sold on a mortgate it will be necessary that the house
be maintained at least till the mortgage is paid up. If it is rented
it will be necessary to maintain it throughout its life. In either case
the cost of maintenance must be recovered over a period of time,
"(a) Stone, P. A. (1970), Urban development in Britain. Standards,
costs and resources, 1964-2004.
(b) Stone, P.Building design evaluation. Appendix B.
Statistical treatment of durability and maintenance data,
pages 179-188.
J • • (7-34)
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say T years. If these costs are recovered monthly the money
lies dormant, since maintenance is normally carried out ronunlly
or in special circumstances when it is required.
In view of the above circumstances it is proposed that the costs of
maintenance should be recovered, but the rate of inflation be
excluded. At a first glance one may then think that the public
authority will have to bear the cost of inflation. This in fact is
not so, since the money instead of lying dormant is used for further
housing which is recovered with interest. In most cases this
interest will be sufficient to meet the increased cost due to inflation.
Diagram (7-10) explains the argument graphically. This policy,
therefore, reduces the cost of maintenance to the consumer and
provides resources for investment in new housing, which offsets the
effect of inflation.
It can thus be concluded that the total maintenance cost to be
recovered in T yrs. is given by
MT = (Cc + cdl) • K8 -J— <7"35'
which disregards the increase due to inflation.
7.5.9.3 The annual cost of maintenance
From the discussion in 7.5.9.1 the annual cost of maintenance to
the consumer can be given by (M), where:
M = JÍ_.
T
i.e. M = (C + C ) K . T_ (7~36>c 01 ö
2
To obtain the constant K for this equation, a study of public sector
Ö
housing in Ceylon was done using data from the records of the
department of National housing in Ceylon. Equation (7-33) was
used, and the data was adjusted to a base year thus overcoming
the effects of inflation. The adjusted form of equation is:
M = (C + C. K t (7-33a)
t c dl) 8.
The results of this analysis are presented in Chapter 9.
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7. 5.10 The minimum real cost of housing to the consumer (R)
In introducing section 7. 5., by using the conclusions arrived at
in Chapter 6 it was seen that the real costs are represented by R,
where;
R = I + M (6-3)
The objective of the theoretical analysis so far has been to arrive
at the minimum Initial cost of providing housing, and express
it as the annual equivalent cost of amortizing these costs, represen¬
ted by (I).
The cost of maintenance was then analysed and expressed as a
function of the initial costs of land development and construction
of the housing unit.
It was seen that both, (I) and (M), are functions of time (T).
Hence, it is now possible to arrive at an optimum value of (T),
which minimises (R) using the following analysis.
7.5.10.1 Minimisation of (R) for a general case
Consider a general case, i.e. for all social classes (g), all forms
of housing (y) and all forms of tenure (x), but excluding land costs.
The real cost of housing to the consumer is represented by R, where
R = I+M (6-3)
I is governed by the relationship,





. .. (7-31 a)
where C = (C„ + C )., and C„ and C are in turn governed
dl c dl c
by equations (7-29 and (7-21) for various g, and y. The cost of
land I does not affect (m) and is thus considered separately.
t» g»x
M is governed by the relationship













From these two equations it will be observed that the annual cost
of amortizing the initial cost decreases, while the annual average
cost of maintenance increases. Diagram (7-11) represents the
two graphs. Hence, R Í3 represented by the sum of these two and
is also represented graphically. It will be observed R decreases to
a minimum, and then increases again. Theoretically this will
occur at the time when d ( r ^ = __d_ ^ j + Is equal to zero.
Thus, analysing the function theoretically,
R = I + M. ~
(i - -!_>'100 '*'e'
R . C1
100
(1 + _J )T _ !100 '
+ c _JLJL . . (7-37)
3
dR
= 0 , gives
dT
the optimum value of T, governed by the relationship
T — 1
50. K . 1(1+ T-II = i. T. (1 +—*—•) ...(7.38),0. [(1 + T~11 ~ - - v- -8 / 100 / 100
The value of T may be arrived at more easily from the graphical
solution, diagram(7 -11). It will be observed that as the interest
rate increases the optimum time that minimises R, increases.
The analysis so far has excluded land costs. However, land costs
must be included. For the case where x = 1, i.e. where the
housing unit is for rent, the value of I. is calculated using
equation (7-29). This equation is independent of T.
For the case x = 2, where the house and land is on rent purchase,
C, must be added to (C.. + C ) and used in equation (7-31 a),1 Id c
while equation (7-33a) remains the same. This will result in the
amortization curve moving up due to the increase in C. This
would therefore result in a higher annual payment, and also in a
longer period if this payment is to be the minimum.
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These curves are determined practically for the direct development
of uzban housing in Ceylon in Chapter 9, subject to the following
special limitations, and conditions.
7.5.11 Limitations and conditions for the practical determination
of the minimum real coat of housing to the consumer (R)
In concluding this section of the overall model it is useful
(1) To state briefly the steps in arriving at the minimum
cost of housing (R) to the consumer
and
(2) to state the practical limitations and conditions for this
model.
Summing up the foregoing discussions, the following procedure
can be drawn up for determining the minimum unitial cost of housing
to the consumer (R).
(1) Determine standards as described in sections 7. 4.1 and
7.4. 2, i.e. density and space standards. These will be
for each social group of the population described by g, for
g = 1, 2, and 3.
(2) Determine the general models for evaluating the initial cost
of land C,, land development C,,, and housing unit C , to the
1 dl c
standards prescribed for each social group above. These are
given by equation (7-12a), section 7. 5. 2.1; equation (7-19)
section 7.5.2. 3; and equation (7-21) section 7. 5. 2.4. It must
be noted that each of these models has household size (h) as
an independent variable, and includes location (d).
(3) Adjust the equations for variation in form (y).
At this stage important practical limitations arise. Consider
each social group in turn.
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Blue collar workers
This group of the population already lives in the three forms
of housing suggested, i.e. complete houses (y=l), semi¬
permanent houses, which are equivalent of core houses (y=2),
and temporary structures which are equivalent to self help
housing (y=3). Therefore for this group all forms could be
considered, for all household sizes (h).
g = 2, and g = 3: White collar non professional
and professional or managerial woricers
An observation of this class of society in urban Ceylon shows
that this group even at very high rents, and the discomforts
of sharing a house, tend to live in permanent houses. Kence
the social desire appears to be for permanent housing at any
cost. This therefore creates a practical limitation. Hence,
in providing housing for these groups core housing, or self
help housing cannot be considered. Therefore only the model
for the complete house i. e. (y=l) can be used for g = 2 , and
g =3.
Therefore for practical application there exist three models
for the working class, and one model each for the middle
class, and upper class.
(4) For each set of equations developed in (3), determine the design
variables 8 f, and n for all household sizes (h). Of course,
core housing for group 1, will have f = 1, and self help housing
will have both f and n =1. The design variables are
determined using the technique described in section 7. 5.3.,
and equations (7-19) and (7-21) for g = 1, y = 1, 2,3 ,
g = 2, y = 1 , g = 3, y = 1 .
(5) The next stage is to determine expressions for the minimum
cost to the consumer (R) for each social group, subdivided by
possible form, for possible types of tenure for a household of
size (h). Here, once again consider each case in turn.
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(1) g-l. y = 1. x = 1 i.e. a complete house for a working class
household, on a pure rental basis.
The land rent is determined using equation (7-29). The
period of amortization (r) i3 determined using equations (7-31 a)
and (7-33a) for g = 1, y = 1, and the technique described in
7. 5.10. The resulting value of T is used, and the resulting
expression for R is:
Since the costs are a function of household size (h) md distance (d)
annual minimum cost R is a function of (h, d). See Chapter 9
for the practical determination of this equation for the city of
Colombo. The value of T determined may in certain cases
be greater than the life of the house L. In this case L is selected
as the value of T to be used.
In this case the only change is in the form of housing.
In the case of y = 2, the form is core housing, and y = 3
gives self help housing. The same procedure as given in
(5)(1) above is used, but when calculating R for core housing,
i. e. y = 2. The value of C only is multiplied by a fraction (F ).
C &
This denotes the actual monetary expenditure, as the balance
comes in the form of payment via self help labour. For self
help housing it is the same, but the fraction is F , where
O
tenant. However, is this system practically workable? It
will be workable only if the prospective tenant is guaranteed
tenancy for the useful life of the house. Hence, this is a
condition that must be borne in mind when applying the system
practically. This form includes the assumption that
(2) g =1, y = 2, 3, x = 1
since all labour is provided by the prospective
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maintenance of the house will also be on a self help basis,
except for structural maintenance.
This equation is determined practically, and presented in Chapter 9.
This is a case where both land and house are on a rent purchase
The basic difference here is that the land rent is determined using
equation (7-30) which is the same as the equation used for amorti¬
zing the costs of land development and the cost of constructing the
housing unit.
Hence in applying the technique in section 7. 5.10, the equation
(7-31a), which shows C = (C^ + must also include i.e.
C = (Cj + C + Cc), while equation (7-33a) remains the same.
This results in a greater value for I, and an increased period of
amortization. If the value of (T) determined exceeds the period
over which the household is capable of paying the annual cost (R),
due to retirement of the head of the household, or split up by
marriage, death etc, then T must be limited to 30 years. The
value of 30 is selected on the basis that the average age of marriage
of the head of the household will be about 25, and the age of
retirement from active work in Ceylon is 55. This allows a maxi¬
mum of 30 years during which the household may safely pay the
cost without any hardship.
Therefore R in this case is expressed as:
(3) g = y "1. x =2
basis.
T
**1,1,2 (C1,1+ cdl,l,l,+ Cc,l,l) i (1 + ÍW")
100
. . . (7-40)
where T ^ 30
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(4> jL^if y = 2>3. x =2
These cases are treated similarly to (5)(3). The only difference
is that the final expression for R must include the reduction
factor F- for C in the case of the core house, and the reduction2 c
factor F in the case of the self help house.
Chapter 9 gives the practical determination cf these two cases.
(5)g = 2, 3 . yd, x «1
For the middle and upper social groups the only form is the
complete house y =1. Thus the only variable is- che tenure x.
For this case where x = 1, the expression for R can be derived
as in case (5)(1), i.e. g = 1, y = 1, and x = 1. The only difference
will be in the constants which depend on (g) for determination.
Chapter 9 gives the derived practical equations.
<6)g«2,3. Y = 1. x = 2
Here once again this can be treated as in case (5)(3). As before
the constant terms that depend on (g) will vary. The practical
equatlcns in this case are given in Chapter 9.
From the foregoing it can now be seen how this model provides housing
for the different social groups, within the limits of technology and
tenure at the least possible real cost (R) to the consumer. All the
models have two independent variables. They are (1) household
size (h) and (2) location defined by radial distance from the city
centre (d). These two variables must be selected depending on the
size of the household and the location of the house, resulting in the
least possible value of (R) for a particular (h, d).
7.6 A model describing the household's benefits or
ability to pay for housing (A)
A broad analysis in Chapter 6, section 6.2. 3, showed that for Ceylon in
general
(1) The benefits (A) derived from housing, represented by the
household's ability to pay for housing increases with rise in
social class
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(2) The amount paid for housing (A) tends to increase with
normal or long to run income (E), and may be approxi¬
mated throughout by Refd's law which states that:
A o(
where * >1
The analysis at that stage was broad and therefore Ignored the
effect of the following factors:
(1) Household composition
(2) Form of house (y)
(3) Type of tenure (x)
and (4) The location of the house.
At this scale these factors must be considered, as they form the
basic parameters in the formulation of a housing programme for
an urban area.
David1 has shown that an analysis of the amount paid for housing
begins with the following basic equation:
A s (quantity of housing consumed) x (price/unit quantity)
.... (7-41)
David has measured ihe quantity in terms of rooms. ho use of
rooms as a measure may lead to discrepancies, as the size of
the room may vary. Hence, the measure of quantity proposed
here is the area (a) in sq.ft. of the housing unit. Further, the
price/unit quantity measured by David was price/room. Ihe
measure used here will be the price per sq. ft. i. e. price/unit
area. Therefore the basic equation (7-41) can be expressed as:
A = (a) x (p) , where P = A^a .... (7-42)
The components (a) and (p) can now be analysed, from which a
theoretical function describing A in terms of the basic
independent variables can be derived.
^avid, M.H. (1962). Family composition and consumption.
North Holland Publishing Company, Amsterdam. Chapter 5.
Family composition and the consumption of housing, page 53.
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7.6.1 he consumption of space, in sq.ft.
Ignoring all other factors, space (a), household size (h), and
disposable income (E) being the only considerations, the area of
housing consumed under ideal conditions will increase with h
at a decreasing marginal rate of Increase, and also increase with
E at a decreasing marginal rate of increase.
These facts were used in section 7.4. 2 to establish a theoretical
model for determining space standards.
However, under the general existing distribution of households
and houses other factors such as location, availability of housing
etc. will also affect the consumption of space. Hence, the
relationship derived for all households may not be as significant
as the model derived using satisfied households, for establishing
space standards.
However, the work done by David suggests that the trends observed
In both the satisfied as well as the general population are the
same.. therefore the consumption of space may be described by:
a = K E h (7-43)
where K is a constant, the income él??sticity of -pace consumption,
y
and the elasticity of consumption with respect to change in house¬
hold size. It is expected that 0. and 1>S > to
Incorporating the conclusion reached in Chapters 6 and 7 on the
effect of social class, equation (7-43) can be made more realistic
by using the subjective variable of social class by occupation (g)
as defined. Thus, in general
a = K E i,S h.^l,g (7-43a)
g 9. g
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7.6. 2 The price paid per aq. ft. of housing
Referring once again to the work done by David, he has shown that
the price/unit room tends to be positively correlated with disposable
income. Theoretically, therefore, it can be said that the price/sq. ft.
will also increase with income (E). However, the marginal satis¬
faction gained may be less at higher incomes. Therefore the price/
sq. ft. (P) may be proportional to E ' where 1 > S > 0.
David has shown that household size (h) is more significant in
explaining variation in (A) than (E) was. He has shown that as P
decreases h increases. This is logical since larger households
have to meet other basic commitments such as food and clothes,
thus left with less to spend on housing at a fixed disposable income.
• /9L
Therefore P will be proportional to h J. Social clas3 is an
important variable in analysing expenditure patterns of households.
As stated earlier higher social classes not only consume more





David in his study has left out the important consideration of location.
Location affects the cost of land as seen. Further, housing located
closer to the city centre in general will bring the household closer
to a greater range of facilities, and also reduce overall costs of
travel incurred by the household. Thus it may appear that If the
house is defined for the purpose of location in terms of the radial
distance (d) frcm the city centre, is d increases P will decrease.
Therefore,
PíK. E^2,s h ?J'g d"^?
The inclusion of the factor (g) will take into account mode of travel,
and the benefits of living in the suburbs of a city. Hence one may
find that as social class increases the value of t may reduce.
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It is now possible to state that
& P jf.
P.g = K10>„ E . h 'g . d 'ö . . . . (7-44)
7. 6.3 A theoretical model of the household's ability to pay for housing
Substituting equations (7-43a) and (7-44) In equation (741), the
following expression for A is obtained.
(^1+Í2)E ( -*g
A,g = (K0.K1O) . E h d ' g'
From the work done by Reid, Chapter 6, and the diagram (6-3), it
appears that (& + S ) m S , will be greater than 1.1
The work done by David suggests that jS ^ » therefore -J^ =
The value of V may be as suggested above.
Hence,
- ftg -*"g
A.g = En E h d (7-45)
Two important factors arise at this stage. They are the form of
housing and the tenure.
The forms suggested use the labour of the prospective tenant In
building the housing unit. This therefore suggests that for
variation in form (y), the constant K , will decrease as more
H.g
intensive self help methods are used.
The other factor to oontend with is tenure. In this case It may
appear that for rent purchase housing the constant may be greater
than for pure rental housing. This may be due to the attitude taken
by the tenant that in rent purchase housing he becomes the ultimate
owner.
In general, therefore, the benefits, or the ability to pay for housing,
may be described by the general model,
c (i fög,y,x - g.y.x - g.y.x
Ag,y, x — Kll,g.y.x E h d
.... (7-461
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The equation is calibrated using a special survey carried out (Appendix I)
and the results are presented in Chapter 10, with a discussion on the
variations of the constants ^ and and V under the
different conditions.
For the purpose of developing the overall theoretical model, the
validity of the theoretical model above is assumed. This model can
now be used with the model describing the real costs (R) to the
consumer to achieve the objective of solving the housing problem of
the urban area under consideration, at minimum physical costs.
7.7 The housing threshold and its use in
minimising the subsidy content
In Chapter 6, the subsidy content in housing was defined by s, where
s = (R-A) (6-1)
i. e. the subsidy is equal to the real cost of housing to the consumer
less the amount the household is able to pay for the house.
The relationship between subsidy and the socio-economic factors were
discussed in section 6. 2. 3, and it was shown that in order to minimise
subsidies, R must be reduced so that it Is as far as possible equal to
A. This as shown could be achieved to a greater extent by using the
concept of demand rather than need.
The housing threshold was defined in section 6. 2.1. as the household
income level at which the real costs (R) are equal to the household's
ability to pay for housing (A). From equation (6-1) this gives s = 0.
Thus, the objective of the model at this stage is to define the
variables that make 3 equal to zero as far as possible, and use these
variables in determining a housing programme so that s is minimised.
7. 7.1 The housing threshold
From the discussion in section 7. 7. the housing threshold can be
defined by estimating the variables that make s = 0, i. e. R = A.
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In section 7.5 expressions for minimum R were developed
incorporating ill the possible combinations of social el• ss (g), form
of house (y), tenure 'x), household size (h), ind location of house
from the city centre (d). These expressions incorporated the
standards necessary for the elimination of related social problems,
and thus if implemented would solve the housing problem of the
urban area under consideration. In general an expression for
minimum R is given by
RgtyfX = # jjte. y. *.) . h, (7-41)
ie a function of the above mentioned variables, for a fixed rate
of interest i for amortizing the initial cost.
In section (7-6) an expression was developed for the ability to pay for
housing, incorporating various combinations of soci I class (g),
form of house (y), tenufre (x), household size (h), location (d),
and normal or long run household income (E). In general this can
be expressed as
Ag y ... = 'Y'Jig.y.x), h,d, (7-48)
The objective now is to make R = A. Thus when using a combination
of g, y and x for expressing R, the same combination of g, y and x






Using the above expression it will be noted that for a defined h,
the threshold income (E) for a specified g,y,x, is a function of the
location of (d).
From the expression it will be seen that a particular point in the
urban area defined by (d) can provide housing for different threshold
incomes. This occurs by changing (h), for different combinations
of g, y, and x.
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It is now possible to estimate theoretically the number of thresholds
for a given location defined by (d).
Let the number of social classes be = g.
Let there be h different household sizes within each class.
Let there by y forms of house, and x possible tenure policies.
Then theoretically the number of thresholds (MT) possible are given
by,
(MT) = gC1 x C x yC1 x XC1 (7-50)
i.e. (MT) = g.h.y.x (7-51) which forms the set
of thresholds.
Example
It is intended to provide houses on a specified site, in a particular
urban area. There are three social classes within the population,
6 different household sizes. The housing authority can provide
three types of house, which can be rented or sold on a long term lease.
Solution
g = 3, h = 6,
y = 3, and x = 2,
Applying equation (7-51)
(MT) = 3x6x3x2 =108
•' • There arelOSpossible thresholds for this particular site.
In practice, however, the number of thresholds will be less as seen
in section 7.5.11, This occurs where a particular site is suited
for less social classes than exist, and further when the tenure for
each type will be limited. It can be further reduced by restricting
a particular area for housing a particular household size. Further
restrictions may occur in specifying a particular form of housing
for the particular site within the urban area.
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7. 7. 2 Use of the housing threshold for minimising
the subsidy content (s)
The population of an urban area can be defined by social class (g),
distributed by household size (h), and household income (E).
The public sector can provide housing of various forms (y), systems
of tenure (x).
The urban area will have sites suitable for housing defined by (d).
Hence in formulating a housing programme for the urban area it is
possible to draw up the requirements in terms of class of house to
be provided, and sutdivide this by household size (h) and income
groups (E). The class of house to be provided can be classified
under the possible forms of house, and systems of tenure applicable.
Using the above data it will be possible to select the most suitable
locations defined by (d), where d is obtained from equation (7-49).
This results in a minimisation of the subsidy (s). 1 he section of
form must begin with the complete house and move down to other
forms to be in accordance with section 7. 0(2c).
It will be appreciated that a section of the population will h-ve
incomes below the lowest threshold possible. This section of the
population therefore can qualify for a subsidy where the subsidy is
calculated using equation (6-1) where s = R - A.
For practical application and broad policy making "threshold
tables" and "threshold maps" can be prepared for specified urban
area. In Chapter 10 equation (7-49) is determined for the city of
Colombo in Ceylon. This is then used to prepare a set of
"threshold tables" and 'threshold maps" for the city. The detailed
use of these maps and tables is described in Chapter 11.
Modelf rS lvinganUrbaH usingProblemtMinimuPhysicalCo s
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7.8 Conclusion
In conclusion, the model can be appraised in the light of the
objectives it was to achieve. This poses three basic questions.
(1) Does the model solve the housing problem of the
urban area, and thus the total urban housing problem?
(2) Is the solution achieved at the minimum physical costs
by using the model for formulating an urban housing
programme?
(3) Are self help techniques used only when absolutely
néeessary?
Diagram (7-12) represents an overall picture of the model, and will
be used in the following discussion.
In accepting the concept of housing demand as a basis for the model,
the standards developed were based on the social, economic, and
cultural factors that determine the population. The discussion in
Chapter 6 showed that this would lead to a solution to the housing
problem. The development of standards therefore resulted In
three sets of standards ind described the basic parameters for
formulating a housing programme. It was also seen from Chapter 8
that these standards would represent the minimum in quantity and
quality, and were thus the first step towards minimising the Initial
costs. Therefore the model will solve the urban housing problem
when applied to individual urban areas.
To achieve a solution to the housing problem at minimum physical
costs there were two factors to be minimised, section 6. 3.
They were:
(1) The total quantity of housing
and (2) The physical cost/housing unit.
The total quantity of housing when based on the concept of demand
was shown to be the minimum required in Chapter 6, section 6. 3. 3.
and represented the primary demand. This concept thus produced
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the model described In section 7.3 for determining the minimum
number of housing units required for the population.
T he physical costs per housing unit were defined in Chapter 6,
section 6. 3.2 by (I + M + s) where I represents the annual
equivalent of amortizing the initial costs, C^, M the annual
costs of maintenance, and s the element of subsidy.
The discussion in section 6. 3,2. showed that (I + M + s) can be
minimised by minimising (I), and thus (R), since R = (I +M),
resulting in a minimisation of I, M and s.
In section 7.5.5. the model developed expressed the minimum
value of the initial cost C . This minimum initial :ost was
converted to the minimum (I) via the models in 7. 5. 6. íhus (I)
was minimised for providing housing to the required standards.
The minimisation of C resulted in a minimisation of (M).
u
Further, as seen in section 7.5.10 the variations of minimum (I)
and (M) with time(t) were considered, which resulted in a mini¬
misation of (R) by using the optimum time (T) for amortization.
Finally, using the model for describing (A) the ability to pay, on
demand for housing, the subsidy factor s was minimised since
s = R - A (6-1). This was achieved by selecting the location(d)
so that s was as far as possible equal to zero. At this stage the
form of housing selected be ;an with the complete house, then used
the core house, and then the self help house in order to minimise
the use of self help techniques, section 7. 0(2c).
Overall tt will be observed that this theoretical model based on the
concept of 'housing demand", and applicable at the urban scale,
will achieve the objective of solving the urban housing problem at
minimum physical costs.
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The following chapters 8, 9 and 10 will present a calibration
and testing of this theoretical modal by using data obtained from
a survey described in the Appendix I and unpublished data
collected in Ceylon.
Finally, Chapter 11 will explain the use of the calibrated model
in formulating a public sector housing programme, for the
direct development of housing in an urban area of Ceylon. The




Density and space standards
8.0 Introduction
The theoretical model developed in Chapter 7 indicated th >t three models
had to be developed describing densities, occupancy rates, and consumption
of space by the household.
The theoretical derivation of the above mentioned models has been carried
out in section 7.4.
'rhe purpose of this chapter is to establish the validity of the theoretical
models. This is done by calibrating the models, and showing that the
trends indicated in the theoretical model appear to be correct.
Finally, standards are indicated. However, it must be noted that these
standards are only a guide considering the size of the sample data
(i. e. 2%). For practical use of the model it may therefore be necessary
to calibrate the models using a much larger 3ample.
8.1 Residential density
The theoretical model section 7.4.1.2 established that in a sati died
population the gros3 and net residential densities may be described by:
0 = P (7-3)
(1 + Kp* + \
where 0 is the gross residential density, and p the net residential
density in persons per acre. It was suggested that the various 3ocial
groups may have different tendencies, which result in changes in the
values of the constants, K and 0( .
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8.1.1 M ethod cf testing the model
To test the model the following procedure was adopted.
(1) The total size of the residential area was determined.
(2) The gross residential area was determined.
(3) The net residential area was determined.
(4) The population was estimated.
(5) 1 he gross and net densities were estimated.
(6) A survey was carried out to determine what level of
satisfaction was being experienced by the population
resident in the respective areas, with respect to the
density levels. This was expressed as a percentage.
(7) The gross density that would exhibit a 1.00°' level of
satisfaction was then calculated.
(8) Gross densities calculated at 100T satisfaction levels
were then plotted against existing net densities.
(9) The shape of the graph was then compared with the
theoretically expected to confirm trends suggested by
the hypotheses.
(10) Approximate values of density standards were then
estimated.
The details of carr/ing out the above procedure, and the results, are
described in the following section.
8.1.2 Practical calibration of the model
Described below are the practical details and the results obtained.
8.1.2.1 Determination of the total residential area
The fundamental difficulty of testing this model was to determine
the size of the residential area.
The original approach was to use the administrative boundaries i. e.
ward boundaries of the Colombo municipality1. However, on
•
^The map in Diagram (Al-1) shows the boundaries referred to.
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detailed examination it was found that these boundaries are purely
hypothetical and are used mainly as a device to divide the population
more or less equally among the forty seven wards within the
municipality.
This led to an important question. V hat criteria cculd be used for
defining a residential area?
The population in Colombo, like many urban areas in Ceylon, tend to
buy their food and consumable articles in small quantities, and at
short intervals of time. This is unlike the European custom of
weekly shopping. The shopping habits may be as frequent as daily
or once in two days. This is probably due to the climatic conditions
where food cannot be kept for long periods, unlike in the temperate
areas. This was an indication as to how a residential area may be
defined.
Due to the abovementioned reasons, central market areas have
developed over time, which have also become the centres of transport
facilities, and entertainment facilities. It must be noted that these
were not planned development, but spontaneous, and have developed
over time. Hence, these points are defined as node si and the area
these nodes serve was used as the total residential area.
In order to determine the catchment area of the node, question .1(1)
of the annexed questionnaire (Annexure 1, of Appendix I) was
introduced. The question was:
"Where do you normally shop for your food and other
consumable articles"?
The nodes had been specified by code numbers (section 7, Annexure 1,
Appendix I), and thus the interviewer could enter this code number
in the appropriate column, "he answer to this question is indicated
in columns 54 and 55 of the li sted data.
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Dl AG- 8-1
CITY OF COLOMBO CATCHMENT AREAS OF
(APPROXIMATE SCALE 70 CHAINS TO 1 INCH)
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The exact location of the households was plotted on a m p
(scale 1" = 8 chains). The nodes were also indicated on the map.
By joining the houses by straight lines on the periphery of the node
indicated, it was possible to estimate the approximate catchment
area of each node. These approximate areas were then refined
to conform to the administrative boundaries of the wards within
each area. This was done since population data was available by
ward after the 1971 census.
There were, of course, exceptions to the rule, though not of
significant importance. The main exception occurred among the
upper social group (11%), who tended to move to the larger nodes,
thus having a wider area of operation. 1 his can be explained by
the fact that this group uses private transport while the other groups
either use public transport or travel by foot.
Since the area and population^ of each ward was known it was
possible to calculate the total area of each catchment area and the
population within it. Diagram (8-1) indicates the catchment areas
on a map of approximately 70 chains to 1 inch. T ble (8-1) indicates
the nodes, the catchment areas in acres, and population of each
area. There were sixteen catchment areas, for a population of
562,160 and a total area of 9,166 acres.
8.1.2.2 Determination of gross residential area
To determine the gross residential area within each ward, the




(2) Areas covered by water.
(3) Industrial areas which included factories nd railway yards.
(4) Predominantly large administrative and commercial areas.
This occurred within the city centre.
These areas were then deducted from the total catchment area and
the result was treated as an approximation of the gross residential
area. Table (8-1) indicates the figures obtained.
1
Preliminary statistics of the 1971 census. Dept. of Census and
Statistics. Sri-Lanka (1972)
2
Reclamation of marshes in and around the city of Colombo. -
Colombo reclamation board.
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8.1.2. 3 Determination of net residential area
Once again using the imp of scale 1" = 8 chains, the area used
specifically for housing within each catchment area was determined.
In this case there is a tendency for slight error due to the inter¬
mingling of land use mainly small commercial units within the
net residential area. However, it was considered sufficiently
accurate as it was virtually impossible to separate these extremely
small variations in land use.
These figures are also presented in table (.8-1) in acres.
8.1.2.4 Estimation of gross and net densities .
On evaluating the areas of gross and net residence, md knowing
the population, the gross and net densities were estimated.
These figures are presented in table (8-1).
8.1.2.5 Estimation of level of satisfaction
The first question that arose was, what criteria to use to evaluate
the level of satisfaction.
The criteria used was based on the principle that the main support
facilities for a net residential area in uxban Ceylon are:
(1) Shopping facilities
(2) Parks and playgrounds
(3) Schools
and (4) Entertainment facilities.
Thus questions (5(1) to 5(4) were formulated as shown in
Annexure (Al-5). These questions determined whether the
household found each of the above facilities sufficient,
insufficient, or too much. The answers to these questions
are indicated in columns 70,71, 72 and 73 of the data given in
Appendix I.
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Using a weighted average of 1 for shops, 5 for parks and play
grounds, 5 for schools, and 1 for entertainment facilities, based
on the proportional use of space, it was possible to give each
positive answer the scores stated above. The maximum score
possible was 12. Thus by summing the scores of individual
households for each area a percentage was estimated based on
the maximum possible.
It will be noted that the theoretical analysis suggested that there
may exist different levels of satisfaction for the different social
groups.
To verify whether such a case existed the population was classified
by social group using question 1(12) of the annexed questionnaire
(Annexure Al-5). The levels of satisfaction were thus calculated
for each area, subdivided by social group. Table (8-1) gives
the levels of satisfaction estimated for each group.
An interesting point that comes out of this analysis is that though
theoretically it was expected to have a large difference in the
levels of satisfaction for each social group, this did not occur
in practice. The difference exists as can be seen from table (8-1),
but is not large, and therefore does not warrant the use of different
density levels. Thus it appears that for Colombo residential
density may be similar for the different social groups measured
in persons per acre.
8.1.2.6 Estimation of gross densities for a 1 OPT level of
satisfaction, relationship to existing net densities
Using the calculated existing gross densities, and the average
level of satisfaction of the population, a si nple linear extrapolation
was used for estimating the probable gross density at a 100% level
of satisfaction. This was based on the principle that as gross
densities increased dissatisfaction increased, where dissatisfaction
was estimated at (100 - % level of satisfaction). Hence
proportional estimates were made, and are given in the last
column of table (8-1).


























































































































































































































































Using this information the graph of gross densities in p. p. a
at 100% satisfaction were plotted against the existing net densities.
The points are shown in diagram (8-2).
8.1.2.7 Probable relationship and standards of density
The points on the graph indicated in diagram (8-2) indicate that
as net density increases gross density increases and then tends
to decrease once again, at a 100%; level of satisfaction. This
trend is in keeping with the theoretical trend predicted, though not
exact. Hence, the theoretical probable curve was drawn as
Indicated in diagram (8-2).
The equation of the curve was not calculated as the number of
observations, namely 16, were too small to get a significant fit.
However, from a practical point of view the curve drawn is
sufficient for making an approximate estimate of the standards.
The reasons for the shape of the curve have been explained fully
in Chapter 7, section 7.4.1.2, and confirm that as net densities
are increased more land should be provided for support facilities
If the social content of the housing problem is to be solved.
From the economic point of view the maximum gross density
possible should be used. From diagram (8-2) this appears to
be 118 persons per acre, at a corresponding net density of about
170 persons per acre. Expressed in housing units /acre for
an average household of 6 persons this means a gross residential
density of about 19 houses to the acre and a net density of about
28 houses to the acre. The average British standard for net
density in comparison Is 15 houses to the acre, which is approxi¬
mately half. This may be due to the vast difference in economic
levels of the two countries, which reinforces the economic aspect
In the provision of housing.
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Hence overall it appears that public sector investment in the
direct development of urban housing in the city of Colombo
should aim at residential densities of about 120 p.p. a. gross,
and 170 p.p. a. net. This is about 6.. 0 teres per thousand
people at the above mentioned net density.
8.2 Occupancy rate.
In section 7.4. 2, Chapter 7, the probable relationship that would
exist between occupancy rate, social class, and per capita
income of a household was established.
In this section it is proposed to verify the theoretical propositions
and evaluate standards of occupancy rate suitable for the various
social groups.
8. 2.1 Establishing the practical relationships
In the survey described in Appendix I, households wer e classified
by social group - question 1Í12X size of household - question 1k(2)f
number of habitable rooms in house - 4(9), i. e. excluding kitchen
and bathroom and toilet, and tenure of house, i. e. rented or
owner occupied.
Kence the survey data as given in tables (Al-1) to (Al-8) are
classified by tenure, social class, type of house. Further,
columns 6 and 7 of the tables indicates the number of persons in
the house, and columns 67 and 68 the number of habitable rooms in
the house.
The next important question that arose was to estimate the total
household income, and thus the per capita income of the household.
In order to estimate the household income one fact was obvious,
which was - any question on income would result in misleading
answers due to some inbuilt fear In the Ceylonese population of
I
revealing their real incomes. Further such a question would lead
to errors due to the introduction of a seasonal component within



































































































































































































































































































































































































































































































































































































































































































the blue collar workers. Thus the method used was to establish
expenditure patterns on individual items of household expenditure
and use the sum of these items as an approximation of normal or
S
long run income. Question (2) of the questionnaire (Annexure
Al-5), deals with this. It will be observed that ten basic items
which broadly cover the household"# expenditure were used.
Each of these items is given individually in columns (21-24),
(25-27), (28-30), (31-33), 34-36), (37-39), (40-42), (43-45),
(76-78) and (49-51), of the tables in Appendix I. These columns
when added gave the approximate idea of the normal or long run
income. Their values may be sligl tly overestimated1 among the
working class, and underestimated among the upper classes.
However, they are more accurate than a direct question on income
due to reasons explained.
The next question that arose was whether to use the information of
both renters and owner occupiers.
Renters are not tied down, unlike owner occupiers. Hence it was
felt that owner occupiers would accept conditions of overuse or
underase without complaint, and were thus excluded.
The final question that arose was once again the level of satisfaction.
This was necessary since the relationship was derived theoretically
for a satisfied population. Hence question 4(10) was formulated
which enquired whether the household felt it had sufficient,
insufficient, or too many rooms. The answer to this question is
given in column (69) of the data sheets.
Thus fables (8-2a), (8-2b) and (8-2c) were drawn up which indicated
the serial number of the household, the per capita income of the
household, and the occupancy rate for renters who were satisfied
with the number of rooms for the different social groups.
These points were then plotted in per capita income of household
(E/h,) along the y axis, and occupancy rate (q) along the x axis.
1
See Annexures 2, 3 and 4 in Appendix I, which use the renorts
of the interviewers.
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The scatter may have occurred due to the non availability of
suitable housing, locational factors, quality of housing etc.
Hence the average values of (E/n) were estimated for different (q)
and a smooth curve drawn through the resulting points. Diagrams
(8-3a), (8-3b) and (8~3c) refer.
It will be observed from the diagrams that on the average the
tendency is for occupancy rate to increase with a decrease in par
capita household income. This is in keeping with the theoretical
analysis.
I
It will be observed that for the same Income levels, higher classes
appear to have a higher occupancy rate. Ihis is explained by the
fact that higher social classes demand a better quality of house,
and more overall space, as will be seen in the next section on space
standards. Thus they pay more per unit area for quality and
more for consuming more iff quantity. Thus occupancy rate is
meaningless without reference to the space consumed. Variations
may also occur due to the concepts of privacy each group holds.
Note that higher social classes tend to ultimately smaller occup ncy
rates, i. e. 0. 75, 0. 6, and 0. 6.
8* 2- 2 Standards of occupancy rate
The main purpose of this exercise was to establish some standards
which can guide public sector investment in the direct development
of urban housing in Ceylon.
To establish standards it was necessary to estimate as accurately as
possible the average income of households, and thus the per capita
income of an average household for each group.
The most reliable information available for this was from the
socio-economic^survey of Ceylon for 1969-1970, Table 37 of this
1
Department of Census and Statistics (1972). Preliminary report
of the socio-economic survey (1969-70).
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survey gave the number of income earners in the m?jor occupational
groups and the total income of each group for urban areas. It
was thus possible to estimate the average income of a worker in
each social group.
Table 31 of the same survey gave the average number of income
receivers in urban households as 1.6, and the average size of an
urban household as 6. 3.
Using this information the average per capita income of a household
for each group was calculated. They were:
Blue collar (g = l) = Rs. 46
White collar, non. prof, (g = 2) = RS. 74
White collar, prof, (g » 3) = RS. 135.
Using these figures the corresponding values for occupancy rate ire:
Blue collar (g = 1) 3 persons/habitable room
White collar non-prof, (g ■* 2) 2 " " "
White collar prof, (g » 3) 1 person/hab itable room
These figures are thus suitable standards.
Note that these figures are in keeping with those suggested by
Van Huyck for Ceylon (Chapter 7). Note further that socio-economic
values are the important criteria for determining occupancy rate
and not socio-physical problems as suggested in Chapter 2.
8.3 Consumption of space
The discussion in Chapter 7, section . 7.4. 3 , suggested that
space standards for a satisfied household would be governed by
the relationship:
P1 g
a = K . h (7-8)
g l.g











In order to verify this model, data from the survey was used. One
was the size of the household, the other was the area of the house
given in columns 57-60 of the data sheets in Appendix I. his
information was obtained by noting The assessment number of the
house and obtaining the area from the records of the Colombo
municipality.
Here once again the question of whether renters only should be
considered was thought of. In this case for the same reasons given
under the discussion on occupancy rate, renters only were
considered.
The question of satisfaction was treated in the same way as occupancy
rate, i. e. those who felt the space was sufficient were the only ones
considered.
No special tables wore drawn up as the data is readily available from
the data sheets in Appendix I.
Thus graphs were plotted of base area of house (a) in sq. ft. vs.
size of household (h) for the different social groups. Diagrams
(8-4A)„ (8 - 4B), and (8- 4C) refer.
It will be observed from the diagrams that there is a spread in the
distribution of the points. This may be explained due to the
variation in income for the same household size.
However, the average space consumed which is representative of a
household of average income was calculated for households of
different size by averaging the points plotted on the graphs. Note
that these points follow the trend predicted in the theoretical model
i.e. a consumption of space that increases with household size, but
at a decreasing rate. Note further the increase in consumption
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8.3.1 Determination of apace standards
In order to determine models governing space standards, the
logarithm of average consumption with log household size for the
three social groups was plotted. Refer diagram (8-5). Since the
original equation was of the form
P1
a - K h
log a = log K + p, log h.
The graphs of log a vs. log h should be a straight line if the
theoretical equation was correct. From diagram (8-5) it will be
observed that the points lay in a straight line except for a few cases.
It could thus be concluded that the models are correct and describe
the situation fairly accurately.
The equations obtained for the three cases are:
g = i, Blue collar ^ = 190h°*4^5 (8 - la)
0 49°
g - 2, White Collar, N. P. a„ » 362h ' * (8 - lb)
g = 3, White Collar, prof. a3 a 725h °* 485 (8 - 1 c)
These equations are plotted on the respective graphs. Note how
closely they are representative of the real situation.
It will be observed how the initial consumption of space increases
with social class from the equations. It will also be noted that the
marginal rate of increase increases with social class. This
d n
is in keeping with the assumptions made in the theoretical model,
Chapter 7.
When the curve representing the average middle class is plotted on
the working class diagram ( 8 - 4A) note how it forms an envelope
covering those who demand maximum space within the class. At
the same time note how a minimum standard envelope could be
constructed.
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TABLE (8 - 3) Space Standards









160 290 310 390 395 400 440 460 450 - -
50 80 110 130 150 170 180 190 200 >210 -
200 250 300 350 400 400 450 450 500 500 -
350 500 625 725 800 875 950 1000 1050 1100 1150









- 350 600 750 800 950 1000 1025 1050 1100 1650
200 250 300 350 400 400 450 450 500 500
350 '500 625 725 800 875 950 1000 1050 1100 1150
725 1000 1200 1400 1550 1700 1800 1950 2050 2150 2250









650 1300 1750 1550 1700 1700 1950 2000 2500 1550
350 500 625 725 800 875 950 1000 1050 1100 1150
725 1000 1200 1400 1550 1700 1800 1950 2050 2150 2250
2000 sq. ft.
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For the middle classes a similar situation occurs, diagram (8~4Bi,
where the working class average becomes the middle class minimum,
and the upper class average becomes the middle class maximum.
For the upper social classes diagram (8-4C), note how the middle
class average becomes the minimum.
These observations form an interesting rule of thumb which states
that with regard to the consumption of space the working class
average equals the middle class minimum, while the middle class
average is the upper class minimum. In regard to maximum,
the upper class average is equal to the middle class maximum, while
the middle class average is equal to the working class maximum.
What of upper class maximum? This theoretically and practically
will have no limit, since as incomes increaseit can keep increasing.
However, as mentioned earlier in the text Ceylon has Imposed a limit
of 2000 sq. ft. on a house. Refer to diagram (8-4C) and note that
this is more than sufficient for a household of average size, i. e.
6 persons.
Tables (8-3a), (8-3b), and (8-3c), give the average space standards
observed, and the proposed minimum, average, and maximum space
standards for each social class.
8.4 Conclusion
In conclusion one basic fact emerges. It appears that throughout,
the standards developed appear to be lower than what has been
proposed In the past as suitable for housing. However, it will
be observed that these standards have been developed on the principle
of demand which worics on social, economic and cultural satisfaction
of the population and, therefore, tends towards a solution of the
housing problem. Thus, the detrimental effects of lowering standards
Indiscriminately have been overcome.
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In Chapter 3 a linear standard of (100 + 5Oh} was used to estimate
the overall resources needed for housing in Ceylon. This resulted
in a house of 400 sq.ft. for an average household of six persons.
It will bo observed that this is not far removed from the proposed
standard of 400 sq. ft. average for the working classes and also
400 sq. ft. minimum for the middle classes for households of 0
persons. Thus for the purpose of overall estimates the linear model
was sufficiently accurate, resulting in a fairly accurate estimate
of resources required.
Finally, it must once again be stressed that the purpose of this
chapter was to develop techniques for testing the theoretical model.
The values proposed for the standards are only guides, and must
therefore be verified using a larger sample before they are used
for large scale housing programmes.
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CHAPTER 9
The real cost of housing to the consumer (R).
Introduction
In section 7. 5, Chapter 7, a theoretical model was developed for ichieving
the given standards at minimum real costs to the consumer (R).
The standards to be provided were developed using the city of Colombo
as an example and were presented in Chapter 9. Briefly they were:
(1) The net residential density for all social classes should be
about 170 p. p. a. The resulting gross density should be
around 118 p.p. a., i. e. an allowance of about 2.5 acres/1000
population for support facilities.
(2) The occupancy rates should be 3, 2, and 1 respectively for the
development of housing for the working class, middle class,
and upper class respectively.
(3) The space standards to be provided should follow the following
models:
0.425
a » 190h for the working classes
0 492
a = 362h " for the middle classes
a = 725h°*for the upper classes
where a is the area of the house in sq. ft. and h the number
of persons in the household.
The purpose of this chapter is to verify the t;heo -etical model
developed in Chapter 7 and calibrate the detailed models therein.
Once again it must be stressed that with the limited data available
only the trends can be verified, and that the calibrations are
therefore approximate. However, it will be appreciated that this
approach sets the base for intensive study cm the same basis,
which is the purpose of this study.
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9.0.1 Identities and design limitations
The definition of housing density in terms of shells(s),
units/floor(n), and floors/shell(f), developed in section 7. 5. 2.2.1
is important, and is used exclusively in the following sections.
From these definitions the following identities were evolved.
(1) u = s.f.n Equation (7-13)
where U is the net density in units/acre, and s the number of
shells/acre.
(2) B = n. a. Equation (7-14)
where B is the base area of a shell in 3q. ft. and a the base
area of a housing unit.
(3) p = U.h
where p is the residential density in persons per acre, U the
density in units/acre, and k the average household 3ize of the
residential area under consideration.
Due to the limitations imposed on the designer by daylighting,
ventilation, and privacy considerations, it was suggested that the
number of shells per acre (S), would decrease with an increase in
base area (B ), and floors (f). This was given by:
-p3 -P4
S=K3B f (7-15)
where p3> and p . were interpreted as negative, and fractional.
'
t '
In order to verify the existence of such a model and it3 validity the
following study was carried out.
Fortysix recent residential developments in and around the city
of Colombo were selected. Only recent developments were
considered since these had been planned using the basic principles
of residential area planning, and therefore took into consideration
factors such as daylight, privacy, and ventilation. A further
advantage was that these residential developments were surveyed
and accurately mapped on ccmpletion.
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Table (9 - 1) Observed values of shells/acre (5), base area of
shell(B) sq.ft. , and number of floors (f)
S
per acre
B sq. ft. f S
per acre
B sq. ft. f
1 7.95 908 1 24 13.00 650 1
2 5. 23 1016 1 25 11.66 650 1
3 2.13 578 1 26 9.20 650 1
4 3. 67 1058 1 27 6. 08 1706 1
5 2.50 3137 4 28 10.00 650 1
6 1. 72 3999 4 29 13.33 325 1
7 0. 94 6330 4 30 4. 00 2100 2
8 6. 35 1878 4 31 2.22 2580 1
9 12. 61 578 1 32 2.26 11696 4
10 9. 84 1586 2 33 3.22 1700 5
11 2. 73 3999 4 34 10.00 659 1
12 3.14 4093 4 35 3.10 294 1
13 0. 63 9000 4 36 2.11 2847 4
14 1.48 7533 5 37 2.90 2875 4
15 3. 63 1300 1 38 1.52 2943 4
16 1. 05 1718 1 39 2.13 3136 4
17 1. 55 7842 3 40 1.81 2276 4
18 2. 48 5714 4 41 9.37 650 1
19 2.32 4326 4 42 2. 02 2935 4
20 4. 50 1700 1 43 1.98 2765 4
21 9. 71 650 1 44 2. 29 3026 4
22 4. 71 1600 5 45 2.16 3031 4
23 16. 96 750 1 46 2.53 2900 4
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Fcr each of these areas the following were then computed.
(1) The number of shells/acre (s)
(2) The number of floors/shell (f)
(3) The base area of a shell (B).
V here a mixture of types existed a weighted average for f and B
were estimated. Table (9-1) gives the values of s, B, and f
obtained.
Using the data obtained a multiple regression analysis of the form,
log10 S . log10K3 - p3 log10 B + p4 log10f
was run using the computer. The results obtained gave:
lt>g10K3 = 2«63874
P3 = - 0. 62829
p^ = - 0. 08685
The explained variation was 59. 5" at a 1% level of significance.
This is sufficient for practical use. Note how the signs of p ,
ű
and are negative and fractional conforming to the theory.
In the equation topographic conditions are assumed constant. This
is practically not so, and can account for the variation not expl lined.
This equation represents average conditions. A more detailed
equation can be estimated if required using average gradient as
another variable. However, from the point of view of this model
considering the approximations that occur, this equation is sufficient.
The equation thus derived is
-0.628 -0.087
3 = 435 B f (S-1)
using the identity B = n. a.
This is expressed as
a -0.628 -0.628 -0.087S = 435 n .a . f .... (9 - 1A)
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"his quation therefore governs broadly the relationship that must
exist between floors (f), units per floor (n), and base area of a
housing unit (a), for future residential development.
9.1 The basic controlling functions
The basic controlling functions are evolved from the following:
(1) The standards to be achieved, and
(2) The design limitation function derived. Equation (9 - 1A)
The basic stand to be achieved is a net residential density of
170 p.p. a. i.e.
p >> 170 (9-2)
This condition when introduced into equation ft- 1A), together with
the identities stated in 9. 0.1, give the following function:
0.372 -0.828 .0.913 A ,rt ov
n .a . f = 0.3908 (9 - 3)
This expression therefore becomes an overall controlling function
for future residential development in the city of Colombo. It may
be used for other urban areas as well as there is very little difference
in climate, culture etc. which might permit a change. It is useful
that one density standard was obtainec , and thus simplifies the
design process.
The other controlling functions are specified by class of population,
and relate to the space standards, i. e. the relationship between a ,
and h. These are given by:
(1) For the blue collar workers, normally termed the
working class:
a . 190 h°*420 (9-4)
(2) For the white collar non professionals termed the
middle class,
a = 362 h°*492 (9 - 5)
(3) For the white collar professionals, normally termed
the upper class,
a « 725 h°*485 (9 - 6)
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equations (9 - 3) to (9 - 6) are therefore functions that will control
future residential development, and will therefore influence the
future cost functions accordingly.
9.2 The cost of land per housing unit (Cj)
The discussion in section 7. 5.2.1 showed that land cost per housing
unit would depend on two factors. They are, the cost of land per
acre, and the density in housing units per acre at which the houses
are built.
In this section these two factors will be considered with reference
to the city of Colombo, thus evolving an expression for the cost of
land per housing unit at a distance (d) from the city centre.
9.2.1 Location and the overall cost of land
The model relating land cost per acre and price has been established.
However, for the city of Colombo it is necessary to verify the
validity of this model and determine the constants in the model.
It was seen from equation (7 - 10), that land costs/acre can be
related to the distance from the city centre (radial, d ) by the
equation,
-k . d
CL = K0 . e (7-10)
i. e. a negative exponential relationship.
To verify this model for the city of Colombo the following procedure
was adopted. Diagram (9 - 1) is a map of the city of Colombo at a
scale of 16 chains to one Inch on which the land prices at 1972 have
been indicated. The map reproduced here Is a reduced photostat,
copy of the original map which was in colour.
Using the city centre indicated, circles of \ mile radiu3 were
drawn.
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Table (9-2) Average Land Costs per acre in Rs. relative to
distance from the centre of Colombo in miles.




















Average Cost per acre
3



















Source: Annexed map diagram (9-1 )
obtained from the Colombo Municipality
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Along each radii the average value of land per acre was estimated
by evolving the following:
x = N
C = x? 1 CT 1L, r x » lx
__ _ _
^1 1Xx -
i. e. the average weighted by circumferential length along the
particular radiu3.
Land values of marsh land were excluded. This is because the
intention was to establish the relationship for residential land,
which when applied to marsh land will give its approximate value
on preparation for the development of housing. Thus for example
marsh land at Rs. 200/= per acre might show Rs. 1000/= per
acre, allowing Rs. 800/= for filling and levelling. Further the
average also consists of developed land which may be low in
value due to the existing size and shape of holdings in certain
areas. This occurs mainly in the overcrowded slum areas, which
are suitable for redevelopment. Hence application of the model
can include the costs of demolition in these areas.
Table (9 - 2) gives the radii and resulting average values of
land obtained - land value in rupees/acre, and distance (d) in
miles.
To verify the validity of the model equation (7-10) wa3 converted
into logarithmic form, i. e.
loge CL = l°ge Ks. - K?_d .
Plotting the points diagram (9 - 2) showed a linear relationship,
thus confirming the validity of the model.
The constants for this equation were thus determined using this
graph giving the equation:
log CT = 15.262 - 0.56d .6 Li
This converted to its normal form gave
C = 3.85 106. e " 0,56d (9-7)
Li
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Diagram (9 - 3) indicates the observed values plotted, and the
curve indicates the model obtained. The validity of the model
for prediction will thus be appreciated.
9. 2. 2 Density and the cost of land per housing unit
From the identity in 9. 0,1, the density (p) in persons/acre is
related to the density ttt) in units/acre, and average household
size (h ) by the expression:
p = u . h.
but from section 9.1 the controlling condition indicates p = 170 p.p. a
•' • Hr> ~ * "p~w = *i7o * acres/hou3ii^10111
at a household size h.
From equation (9 - 7) it was seen that cost per acre is given by:
0 .6 -0. 56d .C_ = 3.85. 10 é rupeesLi
. *. Cost of land per housing unit at distance(d) miles from
the cily centre for a household of size (h), and at 170 p. p. a.
is given by:
i. e.
Cj « 22,600 h. e "°-56d- (9-8)
This model therefore describes the cost of land for providing a
housing unit for a household of size h, at distance d from
the city centre, at 170 p. p. a.
It is useful to note that this model may also be used if p is
changed, by changing it to its appropriate value.
It is also useful to note that this i3 the price of land at 1972,
hence if a programme is planned after this date it is necessary
to change the model to incorporate changes in price to the
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starting year of the programme. Further land prices should be
frozen for the duration of the programme. The public sector hns
the power to do this. If on the other hand land prices are not
frozen, then the necessary land must be acquired at the beginning
of the programme. Again this is possible, since the financing
model suggests that payment for land can be made using the system
of bonds.
9.3 The initial cost of land development per housing unit (C^)
In section 7.5,2. 3 of Chapter 7, a theoretical model was developed
which would
(1) describe the initial costs of land development per
housing unt (C„ in terms of S, f, and n; and
dl)<
(2) incorporate the controlling functions, thus describing
the future costs of land development.
The form of housing described by (y) in the theoretical model has
been for the complete house. The case of the core house, and
the serviced block of land, was treated as an extension of the
original model.
In this section it is proposed to verify the theoretical model,
incorporate the controlling functions, and establish the model
for describing the initial cost of land development per housing
unit, for a complete house .
The model will then be applied to the case of the self help house
and the core house.
9.3.1 The existing situation
The theoretical model developed in Chapter 7 indicated that the
cost of land development in general could be given by
-p +p -p
C„ = K_. S 8. f 9. n U> (7 - 18>dl 5
where S represents the number of shells/acre, f the number of
floors per shell, and n the number of units per floor.
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The theoretical discussion indicated that Ffc and p_^ will be
negative and fractional and positive and fraction.il.
9.3.1.1 Verification of the validity of the model
In order to verify the validity of the model the following procedure
was used.
Data from the past records of the department of National housing
was compiled for housing developments in and around the city of
Colombo. The process involved was tedious as data had to be
extracted from old files, and this took over six months.
The data recorded was details of the development in terms of S,
f, and n, which also involved the detailed study of layout plana.
The cost of roads, sewage disposal mains, electricity, and water
supply was taken into account. No gas or telephone had been
supplied, thus these could not be incorporated.
In each case the year at which construction began was noted. 1 his
was an important factor as change in prices in the construction
industry had to be accounted for.
The actual data collected was for seventeen different developments.
This was because oi three reasons:
(1) The limited number of housing areas developed.
(2) The non-availability of data in certain cases, due to the
loss of records.
(3) The availability of mixed data in certain cases, i. e. no
specific data relating to land development.
It will be appreciated that the results of the analysis may not be as
reliable as if a larger number of cases had been used. However,
it is at the present moment impossible to cover a larger area in
a study of this nature, and since the purpose of this analysis is to
verify the general trend it can be considered sufficient. If the
general trends are found to be correct this analysis will form the
base for a useful large scale study.
Table(9-3)

















































































































































Index of inflation for the cost of housing (C + C^)
Average cost/sq. ft. Index of
of a complete house Deflation orrectiontopfOT
approx. 1000 sq. ft. 1972=100
Rs.
19.75 82 1. 23
18.52 72 1. 38
17.63 73 1. 37




15.00 63 1. 59
19.31 81 1. 23
15.26 64 1.56
14.39 61 1. 64
14.58 61 1. 64
14,50 60 1. 67
19.50 81 1. 23
21.00 88 1.14
22. 00 92 1. 09
23.00 96 1. 04
24. 00 100 1. 00
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Table (9 - 3) Indicates the abstract of the data giving: cost of
land development per unit in rupees, year of construction, average
number of floors in the building, units per floor, and shells per
acre.
As mentioned earlier the relationship proposed was for fixed prices.
This meant inflating or deflating the costs to a base year.
In order to inflate or deflate the prices an index of construction
costs in the housing industry was needed.
Ceylon up to now has not compiled a construction index, and this
presented a major problem.
The question was how to arrive at a suitable Index. This problem
was overcome as follows.
The department of housing in Ceylon has given loans for housing
from 1955. In order to obtain a loan the applicant must submit an
approved plan and estimate. These details have fortunately been
stored in a large record room.
Approximately one hundred cases for each year were selected at
random from the records. Since the total cost and area was known
it was possible to estimate the average cost per unit area for the
particular year. The process was tedious and long, but there
was no other alternative. Hence it was possible to have a fair
approximat ion of the cost cf constructing houses including land
development per unit area of house from 1955 to 1972. The
results only are presented in table (9 - 4). StJslng 1972 as a
base year it was possible to calculate a deflation index, and
therefore a correction factor for bringing prices up to 1972 levels.
These correction factors were then applied to the original data in
table (9-3), and the values of C,. converted to 1972 levels.
al
Thus the new data was ready for verifying the theoretical model.
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To verify the model the form of equation (7 - 18) was converted to:
•l°g10 Cjj - 1ob10K5 + p8 loK10S + P9log,0f + P10l<*10>>-
A multiple regression analysis was then carried out using the
computer.
The results of the analysis were as follows:
log10 K5 = 3* 53484
P8 = -0.29771
po = 0.25196
p? 0 = -0. 08636
The explained variation was 52. 76 " at a 2. 5 " level of significance.
The interesting point of the analysis is the sign of p., p , and p .
ö 9 lu
The signs tally with those predicted under the theoretical discussion.
Further the explained variation is good. All developments are not
exactly the same in quality of materials used, and topography, which
is fairly important in the laying of water and sewage disposal mains.
The need in certain cases for the construction of water towers would
have distorted the figures. However, overall the model gives an
average picture of what could be expected, and also verifies the
validity of the theoretical model.
The model describing existing conditions could thus be given by:
-0. 298 0. 252 -0. 086
= 3426. S ' . f * . n .... (9 - 9)
It is useful to note the influence of developing high rise building by
increasing f. This results in an increase in costs. On the other
hand increasing 3 has the effect of reducing costs, while increasing
n has a relatively small effect on reducing costs.
9.3.2 The effect of introducing the controlling functions
In order to achieve the objectives for solving the housing problem
on a practical basts the controlling functions must now be introduced.
These functions are given in section 9.1 .
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Introducing the controlling functions into equation (9 - 9), gives
C„, =422. a0-378, i0-012.^ 0-304 ,9-10,dl
for all social groups. This is important since a is a separate
function of (h) for each social group.
Introducing further the models relating space standards to household
size for each group, given by equations (9-4), (9-5), and (9 - 6) for
g =1, 2 and 3 respectively, the following functions are evolved, in
rupees at 1972 prices.
(1) For blue collar workers housing:
_v-0.152 -0.012 #n <<v
C,, = 306b h n (9 - 11)dl
(2) For white collar non professional workers housing:
C = 3908 h~°'118 n-0"012 (9-12)
dl
(3) For white collar professional workers housing:
-0.121 -0.012
C,, = 5018 h n (9-13)dl
Examining in general the three models governing land development
costs, note that costs decrease with increase in household size and
units per floor.
The decrease with increase in household size may be explained as
follows.
(1) Densities are fixed.
(2) Therefore - Increase in household size will result in a lesser
number of units, the size of which is not directly proportional
to the size of the household, since consumption of space has a
decreasing rate of marginal increase. In other words, the total
housing space provided per acre will decrease.
(3) This therefore leads to decrease in the number of floors,
which has a -ve effect on Cand an increase in (S), whichdl
also has a -ve effect on C.,.dl
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The overall result is therefore a reduction in C „ as h increases.
dl
This is a most useful conclusion, and this supports the argument for
providing housing for the extended household and not the nuclear family.
The reduction in with n is as expeefcd, and verified in the
basic model.
The next point comes from examining each of the models separately.
Note that as social class increases so does the cost of developing
land per housing unit. This is explained once again with reference
to the earlier arguments. First the initial consumption of space of
the working classes is much less than the middle and upper classes.
Therefore the developments can occur at less number of floors.
Further note that the marginal rate of increase of consumption of
space is much lower in the working classes, than in the middle and
upper clusses. Hence, the net result - it is cheapest to develop land
per housing unit for the blue collar workers, and it is still cheaper
to cater for larger households than smaller ones.
The models developed in (9 - 11), (9 - 12), and (9 - 13), therefore
describe the cost of developing land, for housing for the three classes
to the prescribed standards. These are at 1972 prices, and need
adjustment if used at future dates.
9- 3.3 The effect of form on the cost of land development
The discussion so far has allowed f, n, and S to move within the
limits of the controlling functions.
The question of form raises further limitations.
The three basic types of form discussed in the theoretical model were
the complete house at (y = 1), the core house at (y = 2), and the
developed block of land at (y ■*= 3).
The discussion section 7. 5.4 stated that for core housing f í 1,
and for self help housing f =» 1, and n = 1.
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(1) Core housing.
The extra limitation set by the use of core housing is to limit
the number of floors in the development (f) to 1. Applying this
condition to the controlling function, the identities, and the
model describing C,. in general, the particular model obtained
di
for working class housing is:
C = 1984 b0'106 (9-14)
dl
This particular type of housing is not suitable for the middle and
upper income groups, from a social point of view (section 7.5.4).
This was confirmed in the survey - annexure 5, Appendix I, where
it is seen that of the 2& sample selected, not a single case was
recorded where the middle and upper groups lived in semi¬
permanent or temporary houses.
The value of n to be used in this case is estimated using fal,
in the controlling function given in equation (9-3), for a given h,
where a is related to h by equation (9 - 4).
(2) Self help housing
In this case where developed blocks of land are provided for the
construction of houses on a self help basis, both f and n are
limited to 1, since each household builds Its own house. This
sets an extra limit condition,i. e, n = 1. Applying therefore
the limits to the original equations, and as before for working
class housing, the following model is obtained for C^, in
rupees at 1972 prices.
C = 3787 h°' °79ü (9 - 14A)
dl
In applying this case a practical difficulty will arise. Consider
equation (9 - 1A> This gives the maximum shells per acre for
given a, n, and f. If f and n are limited to 1, then
y - 0.628
S $ 435 a
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Further, for the working class (g = 1) a is governed by
.'. since = S.n. f.h., and n=f=l,
S -(h)- P=170
0.628
) ^ 435 / (190 h ' )
i. e. h^.2. 851
Practically households over 3 persons are most suitable for
self help, achieving about 56 houses to the acre at a maximum.
The models developed for core housing and self help housing
exhibit a typically expected feature, i. e. an increase of C_,
dl
with h, at a decreasing marginal rate. This is understandable,
since once f was limited to 1, the effects it had on the
variation of were halved. his, the equations represent
the case of typical detached housing development, and reflect
the well known fact that the cost of infrastructure development
increases as density in units per acre is reduced.
Comparing the models for core housing and self help housing
it is observed that the costs are more for self help housing than
for core housing, at a given household size. This is due to the
fact that in self help housing n has been fixed at its minimum
value 1, and thus the advantages of economies of scale are lost.
Hence the obvious increase in this case compared to the case
of core housing.
9.4 The initial cost of constructing a housing unit (C )
c
Similar to the analysis of the cost of land development a
theoretical model describing the cost of construction of a
housing unit was developed in section 7.5. 2.4.
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Table (9-5). Area of house, floors in building(f), and units per floor(n\














sq. ft. (f) (n)
1 17,890 1962 1.59 28,445 0165 4 16
2 16,920 1962 1.59 26,902 0155 4 24
3 32,500 1970 1.09 34,425 1000 4 04
4 11,700 1965 1.64 19,188 0390 4 16
5 11,200 1960 1.42 15,904 0470 4 04
6 2,800 1972 - 02,800 0396 2 04
7 24,800 1968 1.47 36,456 1000 4 04
8 11,000 1960 1.42 15,620 0580 4 07
9 22,000 1965 1.64 36, 080 0900 4 10
10 9,700 1972 f- 09,700 350 1 04
11 12,900 1972 - 12,900 0286 1 06
12 15,200 1966 1.64 24,928 0565 4 16
13 18,128 1955 1.23 22,297 0840 4 10
14 22,198 1955 1.23 27,303 1110 3 06
15 18,128 1955 1. 23 22, 297 0830 4 12
16 22,198 1955 1.23 27,303 1106 3 08
17 12,122 1955 1. 23 14, 910 0460 2 16
18 10,000 1960 1.42 14,200 0635 4 09
19 5,500 1956 1.38 07,590 0420 4 09
20 7,900 1956 1.38 10,902 0607 4 08
21 10, 000 1956 1.38 13,800 0725 4 06
22 11,540 1972 - 11,540 0266 5 06
23 7, 000 1.972 - 07,000 0250 1 06
24 7,900 1972 - 07,900 0325 1 02
25 6,800 1972 - 06,800 0250 1 03
26 8,250 1972 - 08, 250 0325 1 02
27 7,300 1972 - 07,300 0325 1 02
28 10,600 1972 - 10, 600 0325 1 05
29 9, 000 1972 - 09,000 0284 1 06
30 6,500 1972 - 06,500 0325 1 01
31 "2, 400 1972 - 07,400 0250 2 18
32 5,840 1972 - 05,840 0360 1 17
33 11,000 1960 1.42 15,620 0725 4 16
34 6, 000 1972 - 06,000 0300 1 01
35 15,400 1966 1.64 25, 256 0350 4 10
36 23,844 1966 1.64 39,104 0570 4 04
37 27,700 1966 1.64 45,428 0784 4 04
38 39,300 1966 1.64 64,452 1254 4 02
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This modal described the cost of construction in terms of
a, f, and n, i. e. the area of the hou8e, the number of floors
in the shell, and the number of units per floor in each shell.
Thi3 section is devoted to verifying the validity of this model
under existing conditions, and then applying the controlling
function to it, in order to develop a model for estimating the
future costs of construction per unit. This model is then
applied to the two other forms under consideration, i. e. the
core house and the self help house.
9.4.1 The existing situation
The theoretical model developed in section 7. 5. 2. 4 described
the cost of construction of a housing unit C by:
c
P5 P6. P7
C se K . a . f n
c 4
where p and p are positive fractional indices, and p
O D I
was expected to be a negative fractional index.
9. 4.1.1 Verification of the validity of the theoretical model
To verify the validity of the theoretical model, the data was
collected in a manner similar to that described in section 9. 3.1.1.
In this case, however, it was possible to get data for 38 cases.
Table (9 - 5) gives the resulting data. This table also gives the
values adjusted to 1972 prices ri3ing the conversion factors
given in table (9-4).
This data was now suitable for verifying the validity of the model.
For verification by regression analysis, using the computer,
the model was converted to the logarithmic form.
The results of the regression gave:





h = -0. 03182
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resulting in the equation
Cc= 678 a0-426. Í0-553. n-°-032 15,
The variation explained was 57. 05% at a 0.1% level of significance,
i. e. a chance of less than 1 in 1000 of the cases selected being
a typical.
The result thus proves the validity of the theoretical model. It
will be observed what a strong influence multistoried construction
has in increasing costs in Colombo. It appears that 2 storeys
increase the cost by about 50%, while 3 storeys increase the cost
by about 75%, and 4 floors more than doubles the cost. It is also
useful to note that the marginal rate of increase of costs with
respect to area is quite low, confirming the fact that it is cheaper
per capita to house larger households than small ones.
9.4.2 The effect of introducing the controlling functions
In a manner similar to that described in section 9.3. 2, the general
controlling function given in equation (9 - 3) when introduced produces
the following model.
Cc , 348 a0-806 h"0-605 n-'-257 (8-16)
and is valid for all social groups.
Introducing further the models relating (a) to (h) given in equations
(9 - 4), (9 - 5) and (9 - 6), the following models are obtained.
(1) for blue collar workers housing:
Cc = 26,300 h"0,363. n-0*257 (9-17)
(2) for, white collar non professional workers housing:
C = 44,260 h~°'208 n-°-2ü ': (9-18)
c
(3) for white collar professional workers housing:
C , 77,450 h"°-214 , n-°'257 <« " 19)
c
These are expressed in rupees at 1872 prices.
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A general examination of the three models reveals a startling fact.
The cost of a hou3e appears to reduce as household size increases.
This may be explained by the following.
(1) For a fixed density an increase in household size will result
in a total drop in the space consumed, since the marginal
rate of increase in space consumption decreases as h increases.
(2) The above fact results in housing the same population with a
fewer number of floors. From the original equation it was
seen that this virtually halves the price of a house. The net
result is that an increase in h results in a slight decrease
in C rather than an increase .
c
In short the cost of increasing the area of a unit is offset by the
tremendous reduction that occurs due to lessening the number of
units, and thus the number of floors.
The reduction of construction costs with increasing n is slight
and is as expected.
Examining each model separately, the constant term increases
with class due tc the increased initial space requirement, which
also increases f. The rate of decrease of with h is higher
for the lower social classes and is due to their lower marginal,
rate of space consumption.
Overall the facts presented reinforce the use of the concept of
"demand" which suggests the use of the extended family as the
household and not the nuclear family as suggested by th. concept
of "need".
Models given in equations (9-17), (9-18), and (9 - 19), are thus
suitable for guiding the formulation of a housing programme for
the city of Colombo. Application to> other areas needs recalibration,
due to regional variation in costs.
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9-4-3 The effect of form on the cost of construction
Similar to the case of land development, the models must be
modified for use in core housing, and self help housing using the
developed block of land.
(1) Core housing
Similar to the method used in section 9.3. 3, the case of the
cost of construction per unit for core housing can be analysed
by putting f = 1 in the original equations governing the model
and the controlling functions. This yields the following model.
C = 7225 h°'19° (9-20)
c
The effect of limiting f = 1 is indicated in the model by the
change of sign of the power governing h. litis change is
drastic due to the strong influence f has on the cost of
construction per unit.
It will be observed that the model is for working class housing,
as only this class will tend to accept this form of housing.
The model, however, indicates the trends to be expected in
the cost of terraced housing for the working classes.
(2) The self help house
The self help house as analysed before has both f and n
limited to 1. These results incorporated in the controlling
functions, and the basic cost equation, yield the following
model for the working classes, in rupees at 1972 prices.
0.181
Cc = 6327 h (9 - 20A)
This model is also governed by the condition that the household
size should be greater than three persons , section 9. 3. 3(21.
It is relevant to mention here that, the models for core housing,
and self help housing, describe the total costs, i. e. the costs
include the materials and labour provided by the prospective
tenant. The main consideration here was form and its effect
on costs. The real proportion of these costs to be met by
the tenant are developed later in this chapter, using these
models derived as the basis.
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5 Minimising the cost of land development and
construction per housing unit lit a given location
In section 7. 5. 3 of Chapter 7, a method was developed for selecting
n, and then f and S, which would minimise the sum of land
development costs, and construction costs, at a given point,
irrespective of land costs.
Each form of house is considered separately, and the expression
for Cj must be added in each case to obtain the total minimum cost.
• 5.11The complete house y = 1
In this case it will be observed that for all social classes the cost
of land development C.,, and construction costs per unit C tend
dl c
to decrease as n increases. Equations (9-11), (8 -12), (9-13),
refer to for g = 1, 2, 3, and equations (9-17), (9 - 18) and
(9-19) refer to C for g =1, 2, 3 respectively,
c
This is similar to the theoretical case described in section 7. 5. 3(2),
wherein the value of n selected should be the maximum possible.
This will depend on two factors
(1) the area and shape of land available for development
and (2) the ability of the architect to achieve the maximum
value of n possible in the design.
From the point of formulating broad policy for Colombo the average
values of n obtained to date should be a sufficient guide. The
values are:
for the working class n = 16 (terraced houses)
for the middle class n =10 (double wing flats)
for the upper classes n = 5 (flats)
No doubt other forms of design can increase n, but as an overall
guide the figures are reasonable, as they have been achieved
practically and do not need extraordinary large areas of land.
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i1
T hese values substituted in the above mentioned equations give,
for Colombo, in rupees at 1972 prices the following policy decision¬
making models.
(1) For the working class, complete house (n = 16)
(C + C ) « 2965 h"0,1"'2 + 13,120 h~°* 263 ... (9 - 21)dl c
(2) For the middle class, complete house (n = 10)
(C,. + C ) = 3802 h ~°'118 + 24,490h"°'308 ... (9 - 22)4 dl + c v
(3) For the upper class, complete house (n a 5)
tr* J. C \ inn. , "0,121 ,,.1 "0.214<Cdl Cc' - 4921 h + 51,170 h ...„.23)
Overall the cost of providing complete houses decreases with an
increase in household size, and increases with class as expected.
The values of f, and S, for a particular h are estimated using
equation (9 - 3).
9. 5. 2 1 he core house y » 2
In this case the equations developed suffice, since f * 1, and n
can then be calculated using equation (9 - 3) for a defined (h).
The cost equations are for the working class only and are given
by equations (9 - 14) and (9 - 20).
XC..+ C ) = 1984 h0,106 + 7225 h°'190 .... (9 - 24)
al c
The total cost per unit excluding land costs will therefore increase
with household size, but the per capita costs of core housing will
decrease with increasing household size.
9.5.3 The self help house y a 3
Finally the case of self help housing which uses f = 1 and n = 1 can
be described by the sum of Cc, and as described by equations
(9 - 14A) and (9 - 20A). In this particular case the household size
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must be greater than three If the desired density is to be achieved.
This is also true for any form of housing development consisting of
single storied detached houses.
The minimum costs of a self help house, for a household of size h,
at 1972 prices is:
(Cdi+ Cc) = ( 3787 h °* 0795 + 6327 h °"181 ) . . . (9-25)
As in the case of the core house the total costs will increase with
an increase in household size, but the per capita costs will decrease
with increasing h.
9. 5.4 The locational aspect
The models describing the probable minimum cost of land development
and construction for the three forms considered will be true on the
average for all locations. However, site conditions may tend to
increase or decrease these costs. But from the point of view of
developing a broad policy for Colombo these models will suffice.
The total cost also includes the cost of land suitable for housing
development. This cost was developed in section 9. 2 and is given by:
Cj = 22,600 h e-°*56d- (9-8)
This model is true for a development having a density of 170 p. p. a.
or thereabouts, and an average household size (h). The development
is situated at a radial distance (d) from the centre of Colombo.
Hence, the total minimum cost for a particular form of house, at
the optimum density of 120 p. p. a. at a distance (d) from the centre
of Colombo (the clock tower) can be estimated using the given models.
It must be noted that this model describes the average situation.
There will be variations on either side, which must be treated as
special cases. This means using the values of the variable (n),
other than average if the situation so demands.
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9.6 The cost of maintenance
Section 7. 5.9 of Chapter 7 was devoted to the theoretical analysis
of maintenance costs.
The main conclusion reached showed that the annual recovery for
maintenance is a function of the initial cost and the period over
which the building was to be maintained. It was shown that if co3ts
are recovered without including the probable increases due to
inflation, little >r no loss would occur, since the expenditure on
maintenance is sporadic. This releases the capital for expenditure
on new housing during the interim period, which thus generates
interest, which accounts for increases due to inflation. This
system as seen would ensure the maintenance of public sector
housing at minimum costs to the consumer, and at little or no
loss to the public sector.
In this section the theoretical model developed is verified and
calibrated for use in determining the real costs of housing to the
consumer. The calibration refers to the city of Colombo, but may
be used as a useful indicator in predicting the probable costs of
maintenance in other urban areas of Ceylon.
9.6.1 Calibration of the theoretical model
The theoretical model suitable for calibration is given in section
7. 5. 9. 2, which is:
M. = (C + C ) . k t (7 - 33a)
t C CU O
This describes the cost of maintenance of a housing development in
th
the t year of its life, adjusted to a base year, so that the effects
of inflation have been accounted for. The value of (C + C ...x
c dl)
covers the cost of infrastructure development, and the average
cost of a housing unit within the net residential area.
This equation may be represented as
Mt
-= x 100 = 100. k . t (9 - 26)
(c + cj 8c dt
which expresses the maintenance as a percentage of initial cost, at
the base year prices, during the t*"*1 year of life.
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9.6.1.1 The dat& for calibration
The data for calibrating this model was obtained from the
records of the department of national housing In Ceylon.
As mentioned by Stone, data on maintenance is the most
difficult to obtain. Ceylon is no exception, and is far worse
since no systematic records of maintenance costs have been
maintained.
The system adopted for administering a housing development in
Ceylon includes keeping a file which records the problems, and
resulting maintenance over the years.
Hence this meant reading through all the flies relating to
maintenance over the life of different housing schemes, and
recording the costs spent on maintenance each year.
The data was thus obtained for about fifteen housing areas
developed and maintained by the department of national housing,
in and around the city of Colombo.
The reliability of the data thus obtained was then examined. It
was found that of the schemes studied certain schemes included
additional development at later periods, and the maintenance
recorded thereafter included both the original as well as later
additions. This presented a problem, since the cost of maintenance
recorded involved buildings of different initial costs, and
different age, mixed together. These schemes had thus to be
rejected, and of the balance 9 were considered to give suitable
data for analysis.
These costs were then adjusted together with the initial costs to
represent the equivalent at 1972 prices, using table (9 - 4).
The percentage spent on maintenance of the initial cost was then
estimated, for the years for which the data was available.
Table (9 - 6) gives an abstract of the resulting data obtained.
Table(9-6)heannualcostofm i tenanct1972pric sexpress dpercentage ofinitialcostsa1972pricev .gyear
ANNUALMAINTENANCECOSTS°/»FI ITIVGEH US S PRICESINFLAT DTO1972LEV L 100Mt=(Cc*d|)"0-172-t"" AGEINYEARS(t)>
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9.6.1.2 Calibration of the model
Tocalibrate the model, the percentage spent on maintenance was
plotted against age, graph diagram (9-4) refers.
It will be observed that though there was a spread of points on the
graph, it followed an expected trend.
The average values for each year were then estimated, and from
the graph it is observed that the theoretical model appears to
describe the situation fairly accurately.
The spread may be explained due to variations in initial costs due
to site conditions. Areas where the bearing pressure is low wculd
require heavier foundations which result in an increase in initial
costs, but which do not affect the future costs of maintenance.
On the other hand the reverse can occur for housing built on
ground where the bearing pressure may be high.
There will also be variations due to the type of materials used
for water supply and sewage disposal systems. The recent trend
in Ceylon is to use P. V. S. piping for these, and therefore cut
down on the initial costs, as well as the future costs of maintenance.
The proportionate reduction in comparison to the use of
galvanised piping and E.W. piping is quite large.
Overall the model obtained was found to describe the situation
fairly accurately, and is given as a percentage by:
Mt
— x 100 = 0.172. t (9 - 26
<Cc * Cet)
or in the original form as
M. = 0.000172. (C + C„). t.t c dl
i. e. the maintenance cost per rupee of initial cost spent at 1972
prices Is 0. 00172. t rupees in the t**1 year at 1972 p rices.
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9.6.2 The annual cost of maintenance to the consumer
Suppose maintenance i3 to be carried out over a period of years
the annual average will be given by
M = — , where represents the total expenditure
over the T years at fixed prices, and is given by
9
1VT = (Cc + C(U) . Kg. (7-35)
herefore for the city of Colombo, and possibly the majority of
urban areas in Ceylon the average cost of maintenance, ever a
period of years is given by
2
v _ (C J- C ) . 0. 00172
C dl 2 T
= (C + C„) . .0. 00086 T
c dl
at 1972 prices.
Hence the annual average co3t of maintenance per rupee spent on
housing at 1972 prices over a period of years will be:
M = - = 0.00086 (9 - 27)
<Ce*C«l>
Equation (9 - 27) therefore becomes the basis on which the costs
of maintenance to be recovered from the tenant are calculated, as
given in the following example.
Suppose the cost of construction of a housing unit and infrastructure
of 400 sq.ft. area is F.s. 25/= per sq.ft. at 1972 prices. Tf the
expected life of the house is 50 years, what should be the monthly
component of maintenance M of the total real costs(It).
Initial cost of unit = 400 x 25 = Rs 10, 000
Expected life T(yrs) = 50.
.'. Annual costs of maintenance IS at 1972 prices are:
R: = 10,000 x 0. 00086 x 50 (Rs)
= 430 (R3.)
.Component of rent accounting for maintenance per annum = Rs. 35/83
i. e. jiust over Rs 1/= per sq.ft. per annum.
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Experience in Ceylon has shown that this average is correct.
The figures used in the example are a real representation of the
existing situation in Ceylon.
For reasons given earlier this represents the costs that must be
recovered at 1972 prices. The equation is also valid for appli¬
cation in later years since M/(C + C .) is a ratio which will
C CcX
not change drastically. Change will occur when there is a considerable
change in the materials used for construction.
9. 7. 0 The amortization of initial costs
Where costs are to be recovered over a period of time with interest,
the annual or monthly recovery represents the costs to the consumer.
In section 7.5.6 the theoretical expression for amortizing costs at
a fixed rate of interest, and interest calculated on a depreciating
capital was given.
The expression for recovery of a unit of cost, in this case one riqyee,
annually is:
i T (1 + -nro' 1
I=
100 [*-&? -i J <9~28>
where i is the rate of interest to be charged, and T the total
number of years over which the cost is to be amortised. The first
instalment is paid one year after the date at which the cost is
% incurred.
9.7.1 The rate of interest (i)
The rate of interest charged for housing in Ceylon is 11%. This
rate has been stipulated by the Central Bank of Ceylon, and is the
rate charged even by most private banks. Private financing
institutions do not generally finance the purchase or construction
of houses in Ceylon. It may probably be due to the fact that the
investors have looked for a quick turnover at a high rate of interest.
Hence interest rates charged by these institutions, which finance
the purchase of cars etc. charge up to 35%.
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An arbitrary cut in interest rates is meaningless, as this constitutes
a hidden subsidy.
The financing model in Chapter 3 promoted the use 0f private
savings, which are in the form of compulsory savings, and pension
and provident funds.
These funds are to pay an interest of about 5% per annum. Hence
allowing for overheads in the itise of these funds for housing the
rate of 11% is not far wrong.
A reasonable rate would be 10^. This has been already done whereby
interest rates have been brought down this year (1973), via cabinet
approval.
Hence for the financing of urban housing for the present calibration of
the model a rate of 1 (B is considered to be in force.
It will be appreciated that any serious fluctuation in these rates will
alter the final result of this model. It will also be appreciated that
in the practical use of this model at a future date the appropriate
value of (i) must be used.
9* 7.2 An expression for the amortization of unit
cost over a period T years
Equation (9-28) gives the general expression for amortizing one
rupee at i% interest. Using the value of i =10" the final expression
is:
which therefore indicates the annual cost of amortizing one rupee
worth of housing to the consumer.
9,7»3 Form and its effect the rate of amortization
The models describing the minimum initial cost of developing housing
at a given location, section 9.5, are for the three forms denoted by y,
where
I = 0.1 . ... (9 - 28a)
y = 1 denotes a complete house
y = 2 denotes a core house
and y = 3 denotes a self help house.
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It was stated that these models describe the entire cost in the case
of y = 2, and y = 3, i. e. the models are equivalent to complete
houses with the limitations of f = 1 for y = 2, and f= and n= 1,
for y = 3. These models therefore include the cost of self help
labour to complete the core house, and the cost of labour to build
a self help house.
In amortizing the costs and therefore estimating the real cost to the
consumer, that part of the labour content provided must be deducted
from the models described in section 9. 5. 0, for the core house and
the self help house. This aspect has been discussed theoretically
in section 7.5.11.
In this section coefficients will be estimated by which the cost of a
complete house for y = 1, and y = 2, must be multiplied before
equation (9 - 28a) can be applied. Each case is treated separately
as follows.
9* 7. 3.1 The complete house (y = 1)
In this case all expenditure has been borne by the public authority,
therefore the coefficient F =1. Equation (9 - 28a) can be applied
to (Cc + C^) directly.
Land costs must be treated separately depending on the form of tenure.
9.7.3.2 The core house (y = 2)
In this case the costs of land development are met by the public
authority.
The costs of the house are on the other hand met partly by the public
authority and partly by the prospective tenant in the form of self
help labour.
From equation (9 - 24) it is seen that the ratio Cc/(C^ + Cc) is equal
to about 80% for an average household of 6 persons.
Therefore, for a rupee spent on land development, and construction of
t;he house, 20% will be borne by the public authority while part of the
balance will be borne by the prospective tenant.
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Of the balance 80%, the following division occurs:
85% on materials and 35% on labour1
Of the 35% spent on labour about one quarter will be spent on building
the core.
If the system is operated on a basis where either the balance
materials required are supplied or a loan is given for the purchase
of the balance materials, the public authority must fcaae In addition
35
to the 20% for land development, an addition (64 + of the
balance 80%
i. e. (20 -<• 0.73 x 80) = 78% of (C„ + C ).
cu c
Hence in the case of core housing of a total rupee spent, only 78
cents have been spent by thepublic authority, and therefore need to
be amortized. Equation (9 - 28a) In this case becomes:
9. 7. 3. 3 The self help house
In this case the public authority meets the total cost of infrastructure
development, and the cost of materials for the housing unit via a
loan, or the supply of materials.
Once again, the ration (3^/(0^ + C^) estimated from equation
(9-25) for an average household of 6 persons, is about 0. 65,
or 65% of the total cost.
The public authority must therefore meet:
which is nearly the same as for core housing. This preliminary
analysis suggests that self help housing does not seem to cut down
the initial costs as much as expected.
I
2 (9 - 29)
Land costs as before must be treated separately.
(35 + 65 x-~) . 77%
13ee Chapter 2 - for source, and its use.
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Hence in the case of self help housing the equation (9 - 28) becomes
I3 = 0.077 [(1.1) V (1.1) f - l] (9-30)
If the system adopted is only to provide a serviced block of land and
no materials for constructing the house then
I3 = 0.035 [(1.1)T/ (1.1)A - l]
Land costs must be included separately depending on the form of
tenure, as in the case of the complete house and core house. This
is treated in section 9.8.
9.7.4 The optimum period of amortization, and
resulting costs to the consumer.
The real cost to the consumer has been defined in Chapter 6, section
6. 2.1, as
R = I + M (6-3)
where I is the annual equivalent for amortizing the total initial costs
and M the annual cost of maintenance.
Expressions were developed for I excluding land costs, andM, in
sections 9. 7.3 and 9.6.2 respectively.
It will be noticed that both these functions are dependent on the initial
value of (C + C^), and the time T where T represents the period
of amortization, over which the houses and related infrastructure
must also be maintained.
Hence, considering the case of a complete house for a rupee spent on
infrastructure development, and house construction, the annual
equivalent of amortizing the cost is given by
I = (0.1) jjl.l) X/(L.l I1 -1^ (9 - 28a)
and the annual cost of maintenance is given by
M = 0.00086 T (9-27)
Hence the consumer must meet the total of (I + M) over the period T,
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after which if the house is being purchased he meets a new cost of
maintenance only and may therefore be less than the present
value of (M + I). If the house is being rented since the initial cost
has been amortized, only the maintenance costs must be met. If
the rent is kept at its original value of (I + M), the house will
continue to have a further useful life of say x years till such time
M
+ ^ is greater than or equal to (1^, + M^,).
The economic life of the house x may then be estimated by using
the condition
V+*> v< ttr * *V-
Note that the land rent has been excluded. Thus if the land is on
rent, this will remain a constant addition throughout, or if it is
on rent purchase this will be amortized using equation (9 - 28a) over
the same period T.
If the house is being bought on a rent purchase basis the cost to be
met by the consumer will bs only the new cost of maintenance MJ * (Tnl
over the useful life of the house. Land cost will bo a constant
ii it is being rented, or will be amortized over the same period T if
it is being purchased.
Of interest now is the behaviour of the two functions, i. e. amortization
of the costs of (C + C „) and maintenance costs. Section 7. 5.10 was
c dl
devoted to a theoretical discussion whereby it was shown that I
decreases with T, while M Increases with T. Hence, the total
decreases to a minimum and increases again. The objective now
is to estimate the optimum value of Tr that produces the minimum
(I + M) and therefore the minimum cost to the consumer, to which
land costs are added, resulting in the minimum real cost of housing
to the consumer.
From the discussion it was seen that a graphical solution is the
simplest. Diagram (9 - 5) gives the solution for the case of Colombo,
which may be generally true for all urban areas in Ceylon, since
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From the diagram it will be observed how the annual equivalent of
amortization drops sharply and then eases off to a limiting value of
0.1 Rs at If the interest rates were higher the limit would
be higher and if they were lower the limit would be lower.
Again from the diagram it will bo observed how tho annual maintenance
cost to be recovered Increases with (T).
The total cost as seen decreases sharply and reaches a minimum
value of Rs 0.13 per rupee at T = 25 years and then increases again
due to the influence of increasing maintenance costs.
Hence, in order to minimise the annual equivalent of amortizing
the initial costs of land development and construction of the house,
either for rent or rent purchase, the time of amortization should
be twentyfive years.
The discussion so far has centred around the case of the complete
house. Considering now the other forms, namely, the core house
and the self help house, the question that arises is whether there
will be a change in the value of T obtained for the complete house.
If the same system is used for maintenance as for the original
construction both components will be multiplied by the same
coefficient, thus reducing proportionately the annual value of
amortization as well as annual maintenance costs. Hence, there
will be no alteration in the time, but only in the total to be paid.
These new totals are obtained by multiplying the minimum value
obtained for the total house by the respective coefficients.
(1) In the case of the core house the minimum will be
$s (0.13 x 0.78) = Rs 0.101 per total Initial rupee spent.
(2) In the case of the aided self help house it will be
Rs (0.13 x 0. 77) = Rs 0.10 per tot«all initial rupee spent on
land development and construction of the housing unit.
(3) In the case of the developed block of land, with no other aid, it
will be
Rs. (0.13 x 0. 35) = Rs 0. 046 per initial rupee spent.
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These then are the factors for estimating the annual equivalent costs
to the consumer for the provision of a house of specified form, and
standards, over a period of twentyfive years. These are the minimum
possible.
To each of these cases must now be added the land costs depending
on the type of tenure specified.
The minimum total cost of housing to the consumer (R)
The analysis of the preceding sections can now be used to develop a
set of expressions for determining the real cost a household bf
specified size, and specific social group will have to pay for the
type of house it demands from a socio economic point of view.
The expressions will be at 1972 prices, and will contain two objective
variables, namely the location of the house in terms of its radial
distance from the city of Colombo (d) and the size of the houaehold(h).
Iwo types of tenure will be considered. They are pure rent and
rent purchase. The rent given is annual.
The expressions will be classified by social group, type of house,
and tenure of house.
In the case of renting land, rent will be calculated using the expression
developed in Chapter 7, section 7. 5. 6, which gave,
I. = 0.04 C, (7-29)l.g.l l.g
In the case of land being purchased the expression given by equation
(9 - 28a) will be used, using T - 25, i.e.
L . = 0.11. C (9-31)Xg,2 1, g
The expression for C is given in section 9. 2.2
I# 5
C » 22,000 h e~°*56d* (9-8)
S
The minimum annual equivalent of amortizing the initial costs of
land development and annual recovery for maintenance were given
in section 9.7.4. (1), (2) and (3).
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Consider each case in turn, as given in section 7. 5.11.
(1) Blue collar workers in complete houses for rent (g=l, y=l ,x=l)
(a) U se equation (9 - 21) for (C . + C ) - section 9.5.
CIX c
(b) Use a conversion factor of 0.13 to convert (C ,, + C ) into itsdl c
minimum annual equivalent including maintenance - section 9. 7.4.
(c) Use equations (7 - 29) and (9 - 8) to estimate the land rent.
Then annual real cost (R ) is given by
1 9 1 9 1
D C0'152 -°-263 1. -0. 56 dR a (385 h + 1700 h + 904. h. e. )1 f 1 9 1
(9 - 32)
(2) Blue collar workers in complete houses for rent purchase
(s « it y = i. x = 2^
(a) and (b) are as before, but (c) changes wherein (9 - 31) is used
for conversion.
Then
ooe,-0.152 -0.263 _.oa. -0. 56d
i o 31 3®5^ +1700 h + 2486 h. e.1,1, &
(9-33)
(3) Blue collar workers in core houses for rent purchase
(gal, y a 2, x — 2)
The case of renting the land in this case is possible under special
circumstances, while at the same time purchasing the house.
The condition is that the land must belong to the state. Hence in
this case two cases will be treated (1) the normal case where the
house and land are both purchased; (2) the case where the house
is purchased but the land rented. Items (a) and (fc) will be the
same for both cases but item (c) will differ accordingly.
Case 1 (Land and house both purchased)
(q) Use equation (9-24) to determine (C^+ Cq)
(b) Use a conversion factor of 0.104. Section 9, 7. 4. (1)
(c) Use the same value as for (y = 1, y = 1, x » 2).
Then
R = (203 h°*106 + 750 h 0,190 + 2486.h.e~°'56d)
1» «
.... (9 - 33a)
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Case 2 (Land on rent, house on rent purchase).
(a) and (b) are as before but (c) is as (1,1,1)
R - 203 h°-«6 .TSOh0'190 + 904h -°'56 ' ' ' <9 " 38bl
1,2,2
Blue collar workers In aided self help houses for rent purchase
(g "1. y - 8, x = 2)
In this case also two sub cases arise. They are (1) the land being
purchased and (2) the land being rented. A further limit is imposed
on this model, i. e. h must be greater than or equal to 3.
In both cases items (a) and (b) will be the same and item (c) will
differ accordingly.
Case (1) (Land and house both on rent purchase)
(a) use equation (9 - 25) to estimate the minimum value
°<<Ce*Cdl>
(b) use a conversion factor of 0.10. Section 9. 7.4(2)
(c) use the same value as for (g=i,y=i, x « 2)
_ 0.0795 0.181 -0. 56f
a = (378 h + 833 h + 2486 he ) . (9- 34a)
1,6,2
Case (2) (Land on rent and house on rent purchase)
In this case (a) and (b) are the same and (c) changes to that
as in (1.1.1)
R = (378 h °* 0795 + 633 h °"181 + 904 h °' 56d ).. (9 -34bi
1,3,2
These two equations may also be applied to the case of the developed
block of land, for construction of the house using both materials and
labour provided by the tenant. In this case the middle term which
is the cost of constructing a self help house is excluded, since the
total cost is borne by the tenant. The conversion factor is a3 in




Ri = ( 173h°*0795 + 2486 he ~0,56d) . . . (9 - 35a)1,4,4
for the purchased block of developed land.
Case (2)
for the rented block of developed landj.
Rw 9 = < 440U°' 0795 + 904 h " °' 56 d ) . . . (9 - 35b)1,4,4
White collar non professional worker in complete houses for rent*
(g * 2, y ■ 1, x - ip
(31) Use equation (9-22) to estimate the minimum value of (C + C _)
c ol
(b) Use a conversion factor of 0.13 to convert (C + C,,) into the
c dl
annual equivalent, together with maintenance costs.
(c) Use the same as for (1,1,1).
Then
R = ( 493h~°'118 + 3180 h~°" 208 + 904 h. °'56d
4,1,1
.... (9 - 36a)
White collar non professional workers in complete houses
for rent purchase, (g » 2, y *1, x = 2).
In this case (a) and (b) are the same, but (c) is as for (1,1,2).
Then
R9 i o " <493h "°*118 +3180 h ~°'308 + 2486 h 0> 56d4,1,4 )
.... (9 - 36b)
V hite collar professional workers in complete houses for rent
(g =3, y =1, x = 1)
(a) Use equation (9-23) to estimate the minimum value of (^c+ C^)
(b) Use a conversion factor of 0.13 to convert (C + C,,) into the
c dl
annual equivalent together with maintenance costs.
(c) Use the same as for (1,1,1).
Then
R = ( 64Oh ~°*121 + 6650 h~°* 214 + 904 >6d >
ö9 1 9 1
.... (9 - 37a)
3o3
(8) V hite collar professional workers in complete houses
for rent purchase (g - 3, y = 1, x = 2)
In this case (a) and (b) are the same but (c) is as for (1,1,2)
ia.nt -0.121 „~rAv -0.214 «i0.56dR. , = (640 h 4. 6Q50h +2486h )
o f 1, u
.... (9 - 37b)
9.9 Conclusion
As mentioned In the introduction the purpose of this chapter was mainly
to verify the basic models that govern, development limitations, land
costs. Infrastructure development, housing construction, and
maintenance costs.
The data obtained and used for calibrating these models though not
large in quantity, has shown that the models are basically correct;
and confirm the theoretical trends expected.
These models were then used to develop a set of models which describe
the real costs of housing to the consumer. These models are for the
three social groups* subdivided by four basic forms of housing
ranging from the complete house to the unaided self help house. They
also contain variations in tenure. Thus these models describe
completely the various possibilities of providing housing within and
around the city of Colombo, and thus form a base on which a housing
programme could be formulated, that meets the demands of the
population.
Some general conclusions of unusual interest were reached with regard
to the variation in the cost of construction and infrastructure
development.
In both these cases it appears that the cost is affected tremendously
by increasing the number of floors in a building. The increase is so
great that it appears that the cost of housing a larger household
becomes cheaper than housing a smaller one. This conclusion Is
of utmost importance since it confirms the fact that multistorted
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flats are far too costly for a developing country like Ceylon. The
trend though verified for Colombo may be generally true for the
whole country.
Since the density is fixed at the maximum possible the land cost/capita
does not vary, so that overall it is cheapest to build single storied
terraced housing which can achieve the specified density of 170 p.p. a.
net and the resulting maximum gross density of 118 p. p. a. allowing
acres per thousand population for the provision of support facilities.
The effect of this is seen when the number of floors are reduced to
one, as to the case of the core house and self help house.
The conclusions and detailed models developed In this chapter form
the basis on which a locational policy can be developed in the next
chapter, so that a solution to the housing problem may be achieved
at the minimum physical costs.
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CHAPTER 19
Real expenditure on housing and its use in defining the housing threshold
10.0 Introduction
An important part of the theoretical model developed in Chapter 7 was
the development of a model governing the household's expenditure on
housing (section 7. 6),andusirg it Lo define the housing threshold.
The housing threshold is then used for defining areas of residential
location, so that the subsidy factor is minimised and thus the total
physical costs.
The purpose of this chapter is to test the validity of the theoretical
model proposed with reference to the city of Colombo, and propose
modifications necessary for refining it.
Thi3 modified model is then used in conjunction with the standards
developed in Chapter 8, and the models governing real costs developed
in Chapter 9 to define the housing thresholds.
The use of these thresholds in aiding bread policy formulation is
explained in Chapter 11.
10.1 esting the original model governing the expenditure on housing
In this section the original model proposed is tested using data
obtained via the survey described in Appendix I and modifications
proposed for inclusion in a refined model.
10.1.1 The original model
The original model was based on developing two models, one which
governed consumption of space, and the other which governed expendi¬
ture per unit of space. These models in a combined form gave the
expression
^ 0r.v * - í^ff.V.X ~
(7 - 46)
Ag y x = K E g'y'X. h g'y'X d. " g'y'Xll,g,y,x
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Hence the benefits or real expenditure on housing appeared to be
dependent on social class, type of house, and type of tenure. Within
each of these it was theorised that A would increase with income E
where Í7 1, decrease with household size h, and decrease with
distance.
10.1.1.1 Data for testing the model
The ba3ic data required for testing this model was household size(h),
normal Income of household(B), expenditure on housing^), and
location of house(d) with respect to the city centre. Further the
household had to be classified by social group, and the house by type
and tenure.
In the survey questionnaire, questions (1,12), (4,1) indicated the
social class of the household, and the type of house. The type of
house is classified into three types:
(1) permanent, i.e. uses permanent materials
(2) semipermanent, i. e. uses a mixture of permanent material?
and semipermanent materials such as old packing cases etc.
(3) Temporary which uses purely scrap materials.
Tenure was marked separately on the side of the remarks column of
the questionnaire with a full bar indicating an owner occupied house,
a half bar for a rent purchase house, and left blank in the case of a
rented house.
Using this information the data as presented Is given by tenure, social
class, and type of house. Annexure (A-5) of the Appendix gives the
percentage breakdown by these major groupings, fables (Al-1) etc.
refer to the major groupings.
Within each of these groups, question (1,2) gave the household size(h)
and is recorded in columns (6-7).
As explained In Chapter 8, a direct question on incomes would have
yielded a very high percentage of no response cases. Hence the
normal or long run income was approximated to total monthly
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expenditure. This was obtained via answers to questions (2, 1) to
(2,10) and are recorded on columns (21-24) to (49-51). The sum of
these gives the approximate monthly income of the household (F).
The location of the house was defined as described in Chapter 8 by
plotting the position of the house on a map of scale 1= 8 chains,
and measuring the distance from the city centre (d). The city centre
is the clock tower and can be seen in the map in Appendix I, diagram
(Al-1), at roughly towards the middle oi the western sea coast, ihis
data is recorded in miles in columns (76-78). I he decimal point
must be read after column (76).
10.1. 3 Testing the model
To test the model the original form was expressed in the logarithmic
form, to the base 10 as,
log A = log (K^ ) + £ log E + log h + log d.
During the survey it was found, as can be seen in annexure (Al-5)
that no middle and upper classes lived in semipermanent or temporary
houses. Therefore this class was excluded, and also acted as an
indication as to what type of housing these classes demanded. Further
it was found that within the city there were no cases recorded of
rent purchase housing. This is understandable, since most loans
for housing have been used for development beyond the city limits.
Hence this case was also excluded.
The data was thus available for renters in the three groups, since
owner occupiers did not pay any rent. In the blue collar group data
was available for the three types of housing.
Using this data, regressions were run using the computer. The
results are presented in table (10-1).
An examination of these equations revealed that there was a change
in the expected signs of the regression constants and the overall








































































Thus before any detailed analysis of the constants was carried out, it
was decided to re-examine the theoretical model, and propose a
modified version which may increase the explained variation.
10.1.3 Modifications to the original model
Going back to the theoretical model, it will be observed that the
model suggested that the consumption of space would increase with
household size. This fact wa3 seen to be true only for a limited
number, in Chapter 8, when the space standards were developed.
Thus the theoretical model assumed that houses were freely available
for households to move into, as household size changed. But this is
not the true situation where there exists a shortage of houses in
Colombo. Hence, if only those satisfied were U3ed the theoretical
model would have sufficed. However, to make allowance for the
shortage, and area (a) of the house had to be included to improve
the model, since the majority of cases recorded showed no relation¬
ship between area and household size.
10. 2 A restatement of the theoretical model
governing expenditure on housing
Taking into consideration the conclusion reached in 10.1. 3, the model
was restated as
- & a ~~6 a
A = K . h . E 1 . d . ae
where a is the area of the house in sq. ft.
This model thus considered the effect of area of the house on a house¬
hold's expenditure on housing. 6 was expected to be y 0 but ( 1
due to economies of scale.
10. 2.1 Testing the model
To test this model, the extra data needed was the area of the house.
This information had been obtained via question (4,2) of the questionnaire,
and is recorded in columns (57-60) of the tables in Appendix I.
Table(10-2)RegressionCoefficientsf rl g^A=*°£ioF+Plo§10hZ og^d+01og^^a.
SocialTypefAveragel 1Q%Exp.Signi_Fatg ven classhou eTenuremonthlŷ(3q,Var.ficancel velofS mple(g)yX)income11(RFsignificanceze(Rs)
F
283-0.585710.036 9.40 26-0.031360. 16 428 736. 9 4-3
=4.62
250-0.261780.1694229196.2 7 60.18 9414.81F0 53
=2.53
207-0.587670. 88210.48322-0.6 099.3 833 .112.475 6F
=2.87
483-1.61111-0.340720. 09080.452290.419 059. 556. 43F0.01
=4.95
863-1.828340 306941.1970.755711 42256. 32w.8 917F0.0
=5.31
Notes
(1)g=1bluecollar,2whitellarnonprof.=3whitec llarprof. (2)y=lpermanenthousy 2semiperma enthous=3t porarystructure (3)x=1rented (4)Significancecal ulatedusingT bl9-tat t ales.J.MurdochA.B r s.
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For regression the model was expressed in logarithmic form to the
base 10, where
log A = log Kil + <<. log h + p log E + % log d + 0 log a
Regression analysis was carried out using the computer, and the
results are presented in table (10 - 2).
Note that in both cases the data stored on cards was used directly,
conversion of the data into the required form being carried cut within
the programme. The programme used was an SPSS, and the computer
one belonging to the ERCC of type 370/155.
This model gave a vastJy Improved explained variation, excepting
for one case. Hence, themodel was considered valid as the level of
significance was reasonably high, i. e. 0. 01°* to 0. 5%.
2-2 A discussion of variations from the theoretical model
From table (10-2) it will be observed that none of the cases adhered
strictly to the theoretical model and thus need explanation. These
variations are also useful in making broad judgments on the behaviour
patterns of each class regarding expenditure on housing. Consider each
case separately.
2. 2.1 Blue collar workers living in rented permanent houses
(1) In this case it will be observed that there is an increase in
rent paid with increase in household size, rather than a decrease.
This may be explained due to the fact that an increase in
household size tends to indicate an increase in household income
within this class1, and that the net increase on food, clothes etc.
2
is negligible with an increase in household size , which results
in a slight increase in expenditure on housing.
1
Table 31 of the socio-economic survey of Ceylon for 19S9-70 shows
a positive correlation between household size and number of income
receivers. A simple regression of household size vs. household
income using the survey data confirmed the existence of a positive
correlation.
2
A regression of the survey data confirmed a decreasing rate of
marginal increase in the expenditure on food, clothes etc. with
increasing household size.
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(2) The increase due to increased incomes is very low. This is due
to the fact that most of these houses come under the rent control
act. They are old and the rents have been fixed at 1940 levels.
Thus the real rents charged do not reflect the real capacity of
the household to pay for housing.
(3) There appears to be a decrease with distance. This may be due
to the fact that most of the householders work in the port which
is near the city centre. Thus moving away from the centre
reflects a decrease In rent paid.
Overall this model gives an idea of the behaviour patterns but
is not representative of behaviour in free market conditions.
10. 2.2.2Blue collar workers living in rented semipermanent houses
This class appears to be similar in behaviour to the case of those
living in permanent houses. Once again the restriction of rent control
applies to this case and is therefore not really representative of the
situation.
10. 2. 2. 3 Blue collar workers living in rented temporary houses
This situation is real and useful since it does not come under the
category of rent control. Therefore it will represent the real
behaviour patterns of the working class.
(1) The power to which household size is affected is only 0. 01821.
This is more realistic as it shows that increase in household size
though it probably results in a higher household income, results only
In a slight increase in the rent paid. This is because the rents are
already high, and the household cannot afford more on rent. .
(2) The Income elasticity is greatest for this type of housing within
the class i.e. 0.4832. Though this is still less than 1, it represents
the real situation. It also confirms that probably the working class
aspirations are less than the middle and upper classes, and they are
therefore able to achieve their aspirations at a lower income thus
the tendency to follow Schwabe's law, rather than that proposed by
Held (see Chapter 6).
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(3) Distance plays an important part as can be seen from the constant
where m - 0.66099. This confirms the fact that to this class
travel cost and time means a lot, especially since most of these
people work in the city centre. It thus confirms the ideal case
that occurs theoretically .
(4) In all three cases rent has been affected by area to the power of
approximately 0. 3. This is as expected, i. e. due to economies of
scale, the marginal rate of increase decreases with increase in area.
Overall this model, which explains about 33% of the variation, is the
most suitable to be adapted for estimating the probable expenditure
on housing by the working eiuss for different types of tenure, and form.
This basic model is thus used in section 10. 3 to develop a set of
models for various combinations of tenure and type for the working
class population.
10. 2.2.4White collar non professionals living in rented permanent houses
This class of population begins to depict the effects of class increase.
(1) The decrease of the constant & to -0.34072 shows clearly the
validity of the theoretical model. In this case the middle class
attitudes tend to reflect greater expenditure on items like food,
clothes, education of children, entertainment etc. whereby an
increase in h reflects a decrease in the expenditure on housing.
(2) The income elasticity ^ jumps to the value of 0.80908 showing
that increase in social class has set higher standards which requires
a greater proportion of income for housing. Still the standards do
not appear to be beyond their reach as is less than 1.
(3) The constant Y which controls distance has reversed in sign
to + 0.45229. This is very interesting as it goes against the
theoretical model, and is opposed to the behaviour of the working
class population.
This may be explained by considering the basis on which the theoretical
model was built.
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The theoretical model assumed that movement away from the city
centre would result in increased travel costs, and inconvenience.
However, it also contained the inbuilt assumption that the entire
urban area was environmentally similar. This situation is far from
real, since the city centre is old, delapidated, and overcrowded.
Moving away from the centre provides newer and better residential
areas. Thus the all important fact that this class is beginning to
move away to the suburbs, and is willing to pay more for a pleasant
environment. Hence o is positive for this class. This is an
important conclusion in the location of future middle class housing.
(4) Size of house has a positive affect on rent paid. This, though
considerable (given by 6 m 0.4191), is still less than 1. It shows
that the middle classes are prepared to pay more for increased
space than the other classes.
10.2.2.5 White collar professionals living In rented houses
(1) In this class of population, household size affects the rent paid
in a manner similar to that of the middle classes and is in keeping
with the theoretical model, i.e. a decrease in rent paid, with an
increase in household size.
(2) The Income elasticity achieves its typically predicted theoretical
value, i.e. ft » 1.19764. This explains the increase of the real
cost, with reference to the standard of housing set by this class for
themselves, and the increasing marginal rate of expenditure with
income shows that households move at an increasing rate towards
achieving their aim.
(3) The value of # in this case increases still further to 0. 75571
confirming the household's desire for an improved living environment.
This class has also got the highest income levels, and the highest
probability of car ownership. T hus distance means less to this
class in terms of travel costs and time, than to the middle class
and working class, who are progressively poorer, and use public
transport to a greater extent.
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(4) The value of (0 m 0.11422) which governs the relationship
between area of house and rent paid, shows that the majority have
probably more space than they need, but what they are looking for is
improved qualitative standards, unlike the middle class who are looking
for improved quantitative standards, as well.
10.2.2.6 Broad conclusions
From the foregoing discussion it is possible to draw some broad
conclusions on the class preferences of housing.
(1) The blue collar workers
This class appears to prefer living towards the city centre. An
increase in household size helps them in paying more rent, and
confirms the usafulnessof the extended family which is proposed
by the concept of "housing demand". Increased incomes, however,
are not very effective in increasing rents as were expected. This
is simply because the standards this class demand are relatively
low and are achievable within their incomes. Increased areas
reflect a normally expected increase in the rent paid, i. e. at
a decreasing marginal rate. This class is probably in the stage
of primary demand.
(2) The white collar non professional workers
This class appears to prefer an improved living environment and
therefore moves away from the city centre. Household size
increases, result in a decrease in rent paid. Here, as explained
in 10. 2. 2.4 other household expenditure appears to tike priority
over housing. Increased incomes play a more important part
than the working classes on the rent paid. This class appears to
be in a transition period, reflecting a demand for more space
rather than improved quality. This class depicts the stage of need.
(3) V hite collar professional and managerial workers
It appears that this class appears to want houses further away from
the city centre than even the middle classes. Household size is
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of the same importance as in the middle classes, i. e. increased
household size results generally in less being paid as rent for
housing. Increasing incomes reflect the typical attitude of the
affluent society, I. e. a tremendous rate of increase in rent with
income. The fact that increased areas do not reflect as great an
increase in rent paid as in the middle classes shows that this
class ha3 more or less achieved its space requirements and is
looking for improved quality. Overall this class reflects the
stage of secondary demand (Chapter 6).
Hence, 'heed" as accepted tc -day is a point along the line of ''demand"
and tends to reflect the middle class values of a population. The
foregoing shows clearly why the concept of "demand" as put
forward in Chapter 6 is a more realistic approach to solving the
housing problem of the developing countries. In short, '"need"
assumes that the entire population will pay a fixed percentage of
income under all conditions, while the analysis of "demand"has
shown that this assumption is entirely false, and the closest case
it may represent is the middle class population, while in the case
of the working classes demand reflects a decrease in percentage of
income devoted to housing with increasing incomes, and in the
upper classes it reflects an increase in percentage income devoted
to housing with increasing incomes. Table (10-3) Indicates the
probable percentages of income devoted to rented housing, for each
class, for an average household of size 6 persons, living at an
average distance of 2| miles from the city centre for different
income groups. The areas used represent those given in table
(8-3) for a household of 6 persons.
10.3.0 Models governing the probable expenditure on housing by
tenure, class, house type, household size, location, and
household income
From the analysis It is now possible to develop a set of models which
will describe the probable expenditure on housing at 1972 pricrs.
These models will then be used In defining housing thresholds in
conjunction with the models developed in Chapter 10.
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In developing the models for rent purchase certain assumptions will
be made, since no data was available for developing an independent
set of models for this type of tenure.
10.3.1 Rented housing (x - 1)
In dealing with this type of tenure the three classes are considered
separately, and for the working class the four forms, namely, the
complete house, core house, aided self help house, and developed
block of land, are considered.
(1) Blue collar, permanent houses (g = 1, y = 1)
From the discussion in 10. 2. 2.3 it was seen that the model
describing those living in reined temporary houses describe the
situation best.
Therefore the model gives the rent paid per mensu rra i. e;
q A 018 0. 483 0.333 , 0.661A = 0r 2584. h E. .a . d
1,1,1
(10-1)
but the area a to be provided is governed by the standard
developed in chapter 8:
a = 190h°'42ü (8 - la)
„o* uO-159 0.483 , 0.601 „ A ,
. . A = 1.486. h . E . d ... (10 - la)
1.1.1
(2) Blue collar, semipermanent and temporary housing
Suppose the real cost of a house for this household of size h
and location d is above the amount the household is prepared
to pay, then for its income E the household will move to a
point further away from the city centre, where the cost of
providing the house is in line with A, or alternatively it will
accept the next best, which is the core house. Applying the
same arguments the type of house provided can move down the
scale at a fixed location till the real cost is equal to A, or the
location of the house can be decided such that the real cost is
equal to A.
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Hence in general the household will maintain the 3ame paying capacity,
but move its location and type of house till it is able to meet the real
cost. This is what has happened among the working class population,
though in a haphazard way.
Therefore for all types of house, the paying capacity of a household
for rented housing will follow the same model given in equation (10-1 a).
This system of renting, however, is difficult to apply to core housing
and self help housing. These are best suited to a rent purchase system,
where ultimate ownership is the incentive to self help methods.
(3) White collar, permanent houses (non professional)
This case is straight forward and is given by the model in 10. 2. 2. 4,
where the monthly rental i3 given by:
A = 0.02448 h-°-341. E0-809 .<»•«».„»•«* ...(10.2>1 » If
but (a) in this case is governed by:
0 492
a = 362h * ^ (8 - lb) Chapter 8
. '. A . 0.187 h-°'135. E°-809. d°'452 <l02a)
2,1,1,
The case of the semipermanent and temporary house does not arise.
(4) White collar professional, in permanent houses
This case is also straight forward and is given by the model in 10. 2. 2. 5,
where the monthly rental fixed is given by :
„ ™ ,-0.307 1.198 0.114 .0.755A„ „ . = 0.01522 h . E .a . d
3,1,1,
(10 - 3)
but (a) is given in chapter 8 by
a . 725 h9'488 ,8-ic,
« 1.-0.252 1.198 . 0.755 .. * ov
Ai = 03166 h . E . d ... (10 - 3a)d#1»19
In this case also the form of house given as semipermanent and temporary
does not arise.
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10.3.2 Rent purchase housing (x = 2)
In the case of rant purchase housing no data was available for
assessing individual models.
However, a safe approximation of the models used for rented
housing can be made.
One of the basic objectives of a household in Ceylon is to try and
own their own house. This is obvious from the vast numbers who
are willing to pay up to a 11% rate of interest to obtain loans for
putting up houses for their own occupation. Thus it may be concluded
fairly safely that if the house provided is for purchase on a monthly
basis, the rent the household is prepared to pay Is greater than if
the house was on a pure rental basis.
Hence It may be approximated that if the house is for rent purchase,
the household will pay up to about 1 \ times the amount paid for
pure rent. Therefore in this case the models derived for rent mul¬
tiplied by 1. 25 can be used to estimate the household's paying
capacity.
10.4 The housing threshold
In section 7.7. of Chapter 7 It was 3een that the housing threshold
was defined as the household income at which the real cost of housing(R)
to the consumer, was equal to the real expenditure on housing by the
consumer. This was given by the condition
g. y. x t> dJ " Ts.y.x
On using the functions developed, (f> and Jf- , for various g, y, x,
it is possible to estimate the household income E, for a given h
and d, or alternatively for a given h, and E, it is possible to
determine the most suicable location (d) which satisfies the above
condition.
This ideal condition may be beyond the reach of certain categories
of household, in which case (d) can be selected audi that (R-A) is
Table(10-4):RealexpectedmaximumE),nminimum.sxpenditureohousing(A)fach1 - _max( m) ___ socialclass,forhouseholdfaverageize()tdi t ncd)fr mcityentre,C l mbo,1972prices£L*~~ Social class (g)Max.income ofhousehold inERs max permonthMin.ncome ofhousehold inE.Rs mm permonthAverage household size(h)aRENTED
RENTPURCHASED
Realannual expenditure onhousi g(A) for(h)and T?a (max)
Realannual expenditure onhousing(A) for(h)and Ea (min)
Probableannual expenditureo housing(A)f r
(h)andE.. a(max)
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a minimum. Since (R-A) is the subsidy factor, this technique
minimises the subsidy, and thus the total physical costs. It is
also possible to reduce the standards to the minimum possible,
as defined in Chapter 8, so that the subsidy may be reduced
further.
Functions governing the real expenditure on housing by the
different social groups were derived in section 10. 3. These
expressions are thus used to derive expressions for households
of average size for each group, and who have a maximum or
minimum Income, thus covering the entire income range. ! he
average household size (h ) was obtained by averaging the
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household sizes within each group. I he maximum and minimum
incomes were derived as the mean for each group + twice the
standard deviation. This would account for about 95 * cf the
distribution and is therefore quite accurate. The values obtained
for each group were substituted in the equations in 10. 3. giving
models using distance (d) as the only independent variable. 'I he
details are given for each group in table (10-4).
Modab expressing the real cost of housing by social group, type
of house, tenure, household size, and location were derived in
Chapter 10. Once again the average values of h for each group
were substituted in these models, giving models of the real cost(R)
as a function of distance(dpfrom the city centre. J hese models
are given in table (10-5), using the standard notation to describe
tenure and form, i. e. y = 1 the complete house, y » 2 the core
house, y = 3 the aided self-help house, y = 4 the developed block
of land with no aid to build the house. 1 he tenure x = 1 gives
pure rental, and x = 2 gives rent purchase. The same notation
is used in the diagrams.
Using these two sets of models, it is possible to determine if
housing thresholds exist and if so their locations.
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It must be noted that both real costs as well as expenditure is
given at 1972 prices. Thus, there will be no discrepancy in
equating one to the other.
Will the results obtained be valid in the future? Using a safe
assumption that as prices rise due to inflation so will wages,
and since the net result estimates the location (d), the results
should be valid unless there is an unusual rise in costs or increase
in wages.
Each social group will be treated separately, as in the following
discussions.
10.4.1 The working class thresholds
The models governing the real expenditure (A), and the real
costs (E) per annum of a complete house and a developed block
of land are plotted in diagram (10-1). T hese are the two extreme
cases. (R) is given both for pure rental ae for rent purchase,
while (A) is for the maximum and minimum incomes both for pure
rental, and for rent purchase.
The case of the core house and the aided self help house fall between
these two extreme cases of R. They have not been plotted.
Referring to table (10-5) it will be observed that core housing and
aided self help housing do not reduce the overall cost to the
consumer to a very great extent. The reason for this is that
materials account fotOS" and labour only for 35%. Further,
the full cost of land development has to be borne by the tenant,
since this is a skilled job. Only the labour content in housing
is saved. Between the core house and the self help house there
is an increase in the costs of land development because in the
latter case n has been limited to 1. Overall it appears that
the developed block of land for unaided self help is the cheapest.
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Referring to diagram (10-|) it will be observed that as distance
increases so does the real cost (R). The actual expenditure
also decreases.
It appears from the diagram any form of housing for the working
classes is beyond their reach. But it will be observed that the
subsidy is least at a point for the case where a developed block of
land has been provided. The variation between the case of rent
and rent purchases vanishes at about 10 miles from the city centre.
Overall the broad conclusion that can be reached regarding the blue
collar workers in Colombo is as follows:
(1) Any form of housing appears to be beyond their ability to pay.
(2) In view of (1) above it appears that public sector investment
in the direct development of housing for the working classes
in Colombo should be concerned with providing developed
blocks of land around the periphery of the city and beyond.
This results in minimising the subsidy factor necessary.
(3) The land can be given on a rent purchase basis. This will
help in reducing the subsidy further, and be an incentive for
the owner to develop his house with time.
(4) Increase In household size will have a slight effect in reducing
the subsidy.
This broad Information can be transferred on to a map which is
called a threshold map. Diagram (10-2) gives an outline of the
Colombo region and indicates the area where blocks of land should
be developed for self help housing. The map is a sketch and does
not include other land uses which may be proposed. It only gives
the broad possibilities.
10.4. 2 Middle class thresholds
Similar tc the case of the working class, the real cost of middle
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In this case note how the upper income group of this class is able
to meet its real costs at the point A, at about 8 miles from the
city centre for purchasing, and at point B about 10 miles from
the city centre for renting.
The lower income groups fall below the average standards. In
Chapter 8 the space standards given showed (table 8-3b) that the
minimum for this group was the average of the working class
group. Hence, the curves representing the real cost of providing
average working class housing is included. This brings the cost
closer to the probable expenditure. The need for a range of
standards can nowbe seen very clearly. At about 12 miles the
subsidy is minimised. Beyond this, prediction i3 difficult as
the equation may not be valid.
Thus broadly the middle class threshold moves from about 8 miles
beyond the city centre to about 12 miles or more, thus overlapping
with the working class belt, and avoiding segregation.
Diagram (10 - 4) Is a sketch map of the region showing the
residential belt that minimises subsidy and thus total physical
costs.
The fact of smaller or larger households will not affect the location
decided on by using the average to a great extent. Smaller and
larger households will spread on either side of the average.
10.4. 3 The upper class thresholds
Using the same technique described in the earlier sections,
the real costs, average as well as minimum represented! by the
middle class average, are plotted in diagram (10 - 5). i he
expenditure (A) is also plotted on the diagram.
It will be observed that the upper income group of this class meets
its costs at about 3§ miles from the city centre, while the lowest
income of this group meet their thresholds at about the 12 mile
point. Both renters and rent purchasers appear to be between
the same limits.
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Overall it appears that this group is able to cover a wider range
and thus achieve its objectives.
Diagram (10 - 6) is a sketch representing the belt on which housing
for this group should be constructed.
10.5 Conclusion
Th© conclusions reached In this chapter have indicated the importance
of social class in analysing the patterns of expenditure on housing.
This confirms the validity of the concept of "housing demand" as
proposed via this thesis.
The analysis of expenditure on housing has also confirmed the
importance of household size, and location, in estimating the ability
of a household to pay for a house that it must have if the housing
problem Is to be solved. Hence, the fallacy In using a fixed
percentage of income for all classes, all household sizes, all
locations, and all types of tenure.
In combining the real expenditure on housing with the real costs it
was possible to vary location, standards, type, and tenure, to
arrive at a situation which minimises the subsidy content in the
development of housing. 1 he case of Colombo has been analysed
and threshold maps presented. These maps are important base
maps for the preparation of an overall development pia" for the
city.
The technique i3 of importance, since it is universally applicable
to any city, anywhere in the developing countries, using the
relevant data for the area under consideration.
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CHAPTER 11
A brief description of the practical use of the model
11.1 Introduction
To conclude this section of the study, and the study as a whole,
it would be appropriate to consider very briefly how this model
(1) fits into the long term urban planning process,
and (2) can be used to guide ongoing public sector investment
in the direct development of urban housing, so that
tiie resulting development fits into the long term plan.
In this chapter, or it may be more appropriate to term it an
appendix, no calculations are given. It is of a purely descriptive
nature, and makes reference to the city of Colombo, for which
the model was calibrated and tested.
11.2 The place of the model in the preparation of a long term
urban development plan
In the long term, housing can not be considered in isolation -
it is a major part of the urban planning process. Hence, the
model developed here has considered broadly the possibilities of
solving the housing problem of an urban area, in this case the
city of Colombo. Basic information for operating this model
in the long term, stems from the overall development proposals
for the city. The overall development will also impose limitations
on this model, hence this model becomes one of the many models
that go into the formulation of the urban plan.
11.2.1 Quantitative estimates
The basic information required for this model is the existing and
proposed population for the proposed development area, with a
break down by age and sex. The projections of the future
population depend on
(1) The proposed employment to be generated; and
is therefore tied up to the proposed economic
development of the area.
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(2) The proposed limits of the area, which is once
again tied up to overall economic development.
This information must thus flow from an independent analysis, and
feed the model for estimating the quantitative demand given
in section (7. 3). The U3e of this model has been explained In
the relevant section. A detailed explanation of the use of
the model is given in the author's dissertation "a model for
estimating and projecting the housing requirements of an
urban area in Ceylon" *.
11.2.1.1 Breakdown by social class, and income
An important requirement of the model is a breakdown of the
population by social class, classfied by occupation of head of
household. The existing situation can be estimated by means
of a survey, as was done in this study. The future, however,
needs careful projections.
Projections of the future will once again be related to the
proposed economic development plan for the area, which will
indicate the proportion of workers by blue collar, white collar
non professionals, and professional and managerial workers.
These projections may not be very reliable, but they will
be an important guide.
Another important factor is the probable income distribution
of the households by household size. This information can
only be obtained by means of special surveys such as the
socio-economic survey of Ceylon carried out in 1969-1970,
and the survey carried out for this study.
Using this information it Is possible to estimate the immediate
and future demand for housing distributed by social class, and
subdivided by household size and income groups.
1
Dissertation presented for the diploma In planning and housing
in the developing countries. University of Edinburgh, Tune 1970.
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Using the models of occupancy rate and space standaris developed
in Chapter 8 it will be pos dble to distribute this housing demand
by size of houses, and number of rooms for the different sizes.
The distribution by size will assure that households below average
income are provided with the lower range of space standards
proposed for the group, and households above average income
the average space standards for the group.
In the case of the working classes the minimum wül be the minimum
proposed in table (8 - 3a), and in the case of the upper classes the
maximum will be 2000 sq. ft. These standards refer to the city
of Colombo, but form a useful guide for the other urban areas as
well. It will also be appreciated that a large scale study on the
same basis of all urban areas may produce a set of space standards
applicable to all the urban areas of Ceylon in general.
This information would thus produce a complete picture of the
present requirements, and the future requirements, at a date fcr
which the plan is to be operative.
11.2.1. 2 Estimation of the backlog
Estimation of the backlog will depend on a survey which describes
the existing stock by type and size. Obsolete areas of housing must
be excluded if the long term plan is to achieve its objectives.
This is a delicate operation, and as far as possible mu3t be left
to the very last stages of the plan. This point is made since in
the long run demolition results in depleting the stock, and thus
as far as possible the programme should aim at upgrading the existing
stock rather than removing it. This is of vital importance in the
developing countries where the lack of resrouces is the main setback
to development.
Asa result of this exercise it will be possible to prepare a
quantitative development programme for the time period fixed,
i. e. covering the increass in population, and meeting the backlog.
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This less the probable private sector construction, will indicate
the minimum public sector investment programme in the direct
development of housing for the area.
11.2.2 The location of housing
On preparing the quantitative programme as described in (11. 2. \)
the next stage is the break down of the programme into location
and type.
Chapter 10 has been devoted to developing a technique for the
preparation of threshold maps which indicate broadly the type
and location of housing, if a programme is to achieve the objective
of solving the housing problem at minimum physical costs.
As mentioned earlier these maps are broad, and will thus be
subject to the limitations of
(1) the physical characteristics of the areas, as to
the suitability for housing;
(2) the existing land use
and (3) proposed industrial and commercial developments.
Hence the housing threshold maps become basic information for
the urban planning process.
These maps used in conjunction with the propsals for overall
development of the area can thus be used for locating the proposed
new housing.
There are a few practical details worffiiwhile mentioning. rrhey
are:
(1) Land owned by the state should be used first, as this reduces
the costs of acquisition and is mo3t suitable for rented housing.
It will also create a return to the State if used for rent
purchase housing.
(2) Areas where broad infrastructure exists, i. e. roads, water
supply, etc. should be used first, "i his will prevent the
extra expenditure on overall infrastructure development.
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This exercise will lead to the preparation of detailed location maps,
which will indicate the following:
(1) Gross area of development
(2) Proposed population distributed by class and household size
(3) Proposed distribution of houses by type and size and form.
(4) Net density of development derived by using the standard of
density derived in Chapter 8.
This information therefore forois the brief within which the architect
is free to design the detailed residential area.
It is useful to note that the architect's brief has now been qualified
in detail. The quantification was necessary to achieve the objectives
of public sector investment, i. e. to solve the housing problem at
minimum physical costs. Architects may find this approach too
restrictive, but this is necessary in the developing countries
where the lack of resources both domestic and foreign are of
prime importance.
It is useful to note that at the moment a regional plan is being
prepared for Colombo under the auspices of the United Nations.
The author on his return to Ceylon hopes to work with this team
and incorporate this model Into the preparation of the overall
urban development plan for the Colombo region.
•3 The use of the model in guiding ongoing public sector investment
in the direct development of urban housing
It is a well known fact, that the preparation of detailed plans as
described in 11. 2 require a wealth of information, and take a
long time for preparation. Invariably the plan Í3 outdated by
the time It comes into operation. This problem is very great
in the developing countries where urban growth has reached
unprecedented levels. What is required then is a quick guiding
policy that will not conflict with the ultimate goals of the plan,
but be compatible with them.
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The model developed in this study has this advantage, as it is capable of
guiding residential development while the overall urban development plan
is in preparation.
Two simple rules must be followed. They are:
(1) New reel iential development within the city limits must be
limited to areas where the gross density is less than the
optimum specified, using the method described in Chapter 8,
section 8.1. The method may be applied to any urban area and
the results found In a couple of months. This requires an
elementary survey of about 2% of the population.
In the case of Colombo, the proposed gross residential density
was 118 p.p. a. Thus the catchment areas which have densities
greater than this must await the overall plan before any development
can take place. Areas where the gross residential densities are
less than 118 p.p. a. can accommodate new housing till this limit
is reached. Of course, any areas reserved for other specific
purposes must be taken into consideration.
(2) The second rule is that new residential development must be guided
by the threshold maps. These once again may take a few months
for preparation, since the method as described in the model is
now known.
The maps for Colombo are given In Chapter 10, diagrams (10-2), (1.0-4)
and (10-6).
The type and form of housing is also specified, and result in ongoing public
sector investment achieving its objectives at the minimum physical costs.
In the course of preparing these maps many details are derived, which form




This chapter has described briefly how the theoretical model
developed and calibrated can be used in practice in aiding the
formulation of long term development,plans, and guiding ongoing
public sector investment in the direct development of urban
housing with reference to the city of Colombo in Ceylon.
Overall it is hoped that further research will be devoted to
refining this model, thus enabling the formulation of a standard
practical technique whereby the developing countries can hope
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Survey and data for calibration of the theoretical model at the urban seale
. Introduction
In order to test and calibrate the theoretical model, developed In Chapter
7, it was necessary to obtain data that was not readily available. This
situation necessitated an original survey.
Thus during the period 1-7-71 to 1-10-72, while on leave of absence from
the University, I developed a questionnaire, and with the help of the staff
of the department of national housing in Ceylon carried out a survey of
the city of Colombo in Ceylon.
The main features of the survey are described In this appendix.
Annexure 1 is a copy of the 3urvey questionnaire used. The annexed
tables give the original data obtained via the above mentioned survey.
It must be noted that this is the first time such a survey relating the
various data has been done in Ceylon, and thus the data is original in all
respects.
The data collected referred mainly to data that was not readily available.
Other data required for calibrating the model, but not obtainable via
this particular survey, is given in the relevant chapters. The methods
of obtaining the data is also described in the relevant chapters.
Development of the survey questionnaire
The main purpose of the survey was to obtain data relevant to testing and
calibrating the theoretical model developed in Chapter 7.
Hence broadly the survey was aimed at:
(1) Determining information on the demographic, social and
economic characteristics of households within an urban area.
(2) Determining information on the houses occupied by the above
households.
(3) Determining the level of satisfaction that existed between the
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households and the houses they occupied. ri he net area.
(4) Determining the level of satisfaction that existed between the
households and their residential environment. The gross area.
The development of each of the detailed questions given in the annexure
A. 1 are explained in the relevant chapters within the relevant context.
It may appear that the data collected may be used for other studies related
to overall urban planning in Ceylon. This was the purpose envisaged in
the original survey, as it would form a useful base for further research
in the future .
3. Selection of the urban area
The urban area selected for the survey was the city of Colombo in Ceylon.
Colombo is the capital of Ceylon, having a population of about half a
million within the boundaries of the city, and about two million within the
greater Colombo area. The annexed map, diagram (At-1), shows
the greater Colombo, area, and also the city with the ward boundaries
indicated.
The reasons for selecting Colombo arb as follows:
(1) Colombo is the only urban area which has all aspects of a city
in a developing country, i. e.
(a) high rate of population growth.
(b) the existence of squatter settlements.
(c) the existence of slums.
(d) a wide variation in socio-economic groups within the
population.
(2) The Colombo municipality is the only municipality which has
information on:
(a) land values
(b) house sizes identified by street and assessment number.
(c) land use maps
(d) service distribution map3
(e) traffic surveys
(f) other studies done for the purpose.of detailed plpnning.
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Most of this information was collected recently in view of the
proposed Co ombo regional development study - sponsored by the
U. N., which is now in progress.
(3) Since no special finance was available for carrying out this survey,
it. had to be done with the available resources.
The department of national housing is situated in Colombo. Thus
with the co-operation of the sub-technical staff of the department
it was possible to carry out this survey at no cost. Further,
since the information is also of official use, the survey was
treated as part of the official work of the department.
4. Proposed size and selection of sample
Colombo has approximately sixty thousand housing units. This is about
eighty thousand households at approximately 1. 33 households per housing
unit.
It was thus decided to carry out two approximately 1% sample surveys.
This is about six hundred housing units for each survey. The purpose
of using two samples was in order to verify that each sample reflected
the same average tendencies, thus assuming to a greater extent the
validity of the combined sample, which is used for testing the model.
There was one obvious way of selecting the samples. This was by moving
throughout the city and picking out every 100th house for the first sample,
and every 50th house for the second sample. A pilot survey carried out
on this basis showed that the error in using this method would be very
great due to the fact that it was virtually impossible to conduct a
systematic count. This occurred due to the haphazard arrangement of
houses in the squatter and slum areas. Hence this method was rejected.
As mentioned, Colombo is one of the few cities with a complete record
of houses in the city. his also includes squatter settlementavho have
been given a number for the purpose of the last 1971 census. Thus the
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approach used for selecting the sample was as follows.
Sample (1) was selected as every 100th house in the official registers
of the municipality, and sample (2) was selected as every 50th house
in the register.
This method had tremendous advantages. They were:
(1) It was possible to divide the sample within the wards of
the area. This made the carrying out of the survey
relatively easy.
(2) It was possible to first locate the house on a map, thus
making it possible to measure the radial distance(d) from
the city centre, and also make it relatively easy for the
interviewer to locate the house.
(3) It was possible to get the area of house in sq. ft. from the
municipal register by referring to the street and assess¬
ment number of the individual houses selected.
Hence on this basis two samples each consisting of 595 houses were
select ed for the survey.
A random selection would not have given sufficient data on certain
social classes which comprise a minute portion of the population.
The worst affected would have been the upper classes which constitute
only about 18r of the population.
Thus overall the method of selection appears to have been the best
possible at the time.
5. The survey
The survey was carried out using three teams, consisting of sub-
technical staff of the department of national housing in Ceylon.
The interviewers were trained by me. During this training, I explained
to them the method of filling in the answers to the questions which were
in numerical form, and therefore did away with a large amount of the
written work.
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During the period of training it was impressed upon the interviewers
that in no way must they influence the answer to the questions by
prompting possible answers. They were requested to maintain a strict
consistency in the method and sequence of asking the questions.
After a training period of about a week we tried out a few houses for
the purpose of testing the questionnaire, and training the interviewers.
The result of this pilot survey did not suggest any serious changes to
the original questionnaire or any marked differences to the type of
answer obtained by the various teams.
The teams were then requested to go ahead with the survey. Of the
47 wards in the city each team was responsible for about a third,
during which time weekly discussions were held on the progress.
Each team provided a brief report indicating any difficulties or
unusual problems they might encounter, which would affect the
reliability of the results. Summary reports presented by each team
at the end of the survey are given in Annexures A2, A3 and A4.
At the end of the field survey the degree of response to the survey
was analysed.
There were five possible conditions under which the survey would not
be successful for a particular household. They are as listed in
question 6 of the annexed questionnaire. Briefly the reasons were:
(1) House not occupied.
(2) The use of the house for purposes other than residential
use, not lodging houses.
(3) No response from the household.
(4) The use of the house as a lodging house.
(5) The house being non existent.
For the reasons given above it was observed that in sample (1) out of
595 houses visited only 457 fell outside one of the above categories,
thus recording a success of 77. 3%. In sample{2) the success
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recorded was 442 out of 595, i. e. 74. 3%. On the average there was
a success rate of 75.6^'.
From the reports handed in by the teams in Annexures A2, A3 and A4
it will be noted that the greatest degree of failure was recorded by
houses being demolished and the records not being corrected. Further
it was observed that the actual refusal to co-operate with the survey
was highest among the so-called educated, professional and managerial
class. The reason is obvious where the survey shows that on the
average over 97' of this class are satisfied with the housing they have.
The highest degree of co-operation was obtained from the working class
population who really experience the housing problem.
6. The data and Its reliability
The data collected from the survey was in numerical form. The
annexed questionnaire, Annexure (A. 1), indicates all the details.
The data from each household was then punched on to a computer c rd,
in a form suitable for analysis. These cards listed produced the basic
data in the form of a print out which is given in tables (Al-1), (Al-2) etc.
The print out gives the basic data for each sample, subdivided by social
class, house type, and tenure. This division is the same as the
subjective variables used for objective analysis.
It is useful to consider in this appendix the broad reliability of the data.
Reliability of individual components of the data Í3 considered in the
relevant chapters in which it is used.
Possible sources of error may arise due to the following.
(1) Under section 1, which concentrates on the composition of
the household. Most of the questions are straightforward.
However, error may arise due to the fact that many of the
working classes do not know their exact ages.
(2) Under consumption patterns, section 2. The data obtained
tends to overstate slightly the expenditure patterns of the
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working class households. This, as explained in the annexed
survey reports,may be due to the household wanting to create
an impression which indicates conditions better than they really
are.
On the other hand, the upper classes tend to underestimate their
expenditure. This is created by a fear that the data obtained will
be used to check income tax returns etc.
However, overall this approximation of income is far more
accurate than asking people what their incomes are. This direct
question is is well known generally produces no answer or a
highly inaccurate one.
Hence for the purpose of thi3 study the approximation of total
expenditure to normal or long run income is sufficient.
(3) Questions 3 and 4 are straightforward and should not lead to
any erroneous data. The one question that may be erroneous
Is 4(10). In this case answers from the working class and
middle class will be reliable. In the case of the upper class,
even though the area of the house may be too much for the
household, the answer given tends to say it is Just sufficient.
This again is due to the fear that under the socialist system of
government in the country at present, these large houses may be
subdivided by law. Hence, for this group discretion must be
used when using the data.
(4) Under section 5, the answers may be considered accurite, as
this affects the overall area and not the individual house. This
was a good chance for many to air their grievances.
Overall since the main aim of this survey is to check the trends proposed
in the theoretical model, the degree of accuracy of the data obtained may
be considered as sufficient.
For wider use and application of the model in practice, it is necessary
to carry out a survey on the same basis, but using a much larger sample,
say 10-15%, preferably as part of the next national census.
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ANNEXURE A.l
DEPARTMENT OF NATIONAL HOUSING
30CIO-ECONOMIC RESEARCH SURVEY 1972
(HOUSEHOLDS AND HOUSING)
1. Information about households
1. How many households share this house?
(Select (Family) the main household for the following questions)
2. How many people are there in your household (including servants,
lodgers, etc.)?
3. How many lodgers do you have if any?
4. How many servants do you h ve if any?
5. How many males are below 25? )
6. How many males are between 25 and 55?
7. How many males are over 55? )
8. How many females are below 20? '
9. How many females are between 20 - 50? )
10. How many females are over 50?
11. How miny people within your household go out to work?
(this includes lodgers who go out to work)
12. What is the job of the head of the household?
(B.C.=1, W.C.N.P. = 2), W.C.P. = 3)
13. What area does he/she work in? (see code)
14. How does he/she travel to work?
(W alk= 1, Cycle = 2, Bus =» 3, Car = 4, Train = 5)
2. Consumption pattern of household
How much do you spend in an average month on the following
1. Food, dhoby
2. Electricity, gas, water
3. Clothes for household
4. School fees, tuition fees, etc.
5. House rent if rented, or rent purchase, rates if owned.
6. Telephone including rental.
7. Travelling for the household (bus fare, train fare, cost of
running car including insurance, licence etc.)
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8. Cost of domestic help if any.
9. Sundries including smokes, drinks, pictures, club bills,
other entertainments.
10. Savings, including loan repayment, insurance premium,
savings bank deposits.
Determination of Nodal points
1. V here do you normally shop for your food and other
consumable articles?
2. Where do you do your occasional shopping (i. e. for clothes
etc. (regional shopping) (see code) ?
Information about the house
To be filled in by interviewer.
1. Type of house (P,SP,T) P = 1, SP = 2, T = 3.
2. Area of house
3. Do you have the following services ?
Water supply on (a) Tap (b) stand post (c) wall.
Tap = 1, Standpost = 2, Well = 3.
4. Is the system convenient (Yes=l, No = 2)
5. Sewerage disposal (a) Drainage (b) Bucket (c) Pit
1 2 3
6. Is the system convenient. Yes =1, No = 2.
7. Electricity: Yes = 1, No = 2.
8> Gas: Yes=l, No = 2.
9. How many rooms are there in your house (excluding
bathrooms, kitchen)?
10. For your household do you feel your house has (a) sufficient
space '1", (b) Insufficient space "2", (c) too much space "3"
Assessment of the environment
In your area do you feel the following are 1. Sufficient
2. Insufficient 3. Too much '1"
"2" "3"
1. Shopping facilities.
2. Public parks and playgrounds
3. Schools
4. Entertainment facilities (cinemas, clubs for games, tennis etc.)




Under this column we enter the following conditions due to which the
Survey could not be carried out, or would be of no use.
1. House not occupied - 1
2. Use other than for housing -2
3. No response - 3
4. Lodging house - 4
5. House demolished - 5
Ser.
No. Node No. Node No. Node
1. Mattakuliya 16. Wékanda (Union Place) 29. Pamankade West
2. Aluthmawatta 17. Suduwella (High St. junction)




4. Ketahena East 18.
(High St. junction)
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REPORT ON THE SOCIO-ECONOMIC RESEARCH
SURVEY ON HOUSING. THE CITY OF COLOMBO
GROUP 1
One of the teams that took part in the above survey comprised Mr S.W'eerasingh im
and myself. This survey involving 11 municipal wards of the city was com¬
pleted in approximately 31 days, within which period, however, other urgent
departmental work also had to be attended to when necessary.
As the weather conditions that prevailed during this period were far from
ideal, a considerable time had to be U3ed up unnecessarily.
The wards in which the survey was conducted by us are:
1. Kellupitiya Ward No. 37
2. Bambalapitiyn Ward No. 38
3. Milagiriya V ard No. 39
4. Thimbiriga3yaya Ward No. 40
5. Kirula Ward No. 41
6. Havelock Town Ward No. 42
7. Wellawatte North Ward No. 43
8. Kirillapone Ward No. 44
9. Pamankade East Ward No. 45
10. Pamankade W est W ard No. 46
11. Wellawatte South W ard No. 47
The response on the part of the residents for this survey could be considered
as generally •good', although in somewhat affluent areas, viz. Kellupitiya
and Bambalapitiya Wards, there were a fair incidence of 'no response' cases.
This, in my opinion, is due to the fact that the respective residents are
well housed and acoommodated and did not want to be bothered.
On the other hand, the class of residents, well-to-do and otherwise, who
apparently have problems of housing and accommodation, were very eager
to respond with all the information. In certain instances it was indicate
that due to their ever eagerness figures and statements given by them were
somewhat exaggerated.
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From the reports it is evident that some assessment numbers could not
be traced. The number of such cases is rather high. Also there were
several instances where houses were demolished, or non existent.
In every such instance it was found that the demolitions were done to
accommodate new buildings coming up in their place.
It is observed that the residents' main expenditure item is food. Due
to the prevailing high cost of this item, the residents find it barely
possible to spend for other less essential items. Savings appear to
be "taboo" with almost áll.
Expenditure on clothing and entertainment is reduced to a minimum to
accommodate other essential items like medicine, medical care etc.
During the survey, it was observed that slum conditions prevailed
mostly in the highly congested areas of wards like Kellupitiyn and
Bambalapitiya. Slum conditions where they existed were unsightly
and pathetic as accommodation and basic amenities like lavatories,
water service etc. were poor if not altogether absent. The rentals,
however, cannot be considered too high for these slum dwellings.





Report on the Socio-economic research survey on hou-lng
The City of Colombo - Group 2.
This Survey was carried out by me assisted by T> r F . S.M. Suhaib.
It was started on 5.9. 72 and was concluded on 21.10.72, the delay being
due to Mr Suhaib falling sick for one week and also rainy weather. 'I he
wards tackled by me are Kochchikado South(19), Fort (20), Kompanna weediyn
(21), Wekanda (22), Hunupitiya(23) ,3uduwella(24), Panchikawatte(25),
Maradana(26), Maligakande(27), Wanathamulla(3), Kuppiyawatte East(31),
Kuppiyawatte West(32), Berella North(33), Farahenpita(34), Berella South(35),
Cinnamon Gardens(36).
Of the above wards, excepting Berella North & South and Cinnamon
Gardens, the others consisted mainly of Tenement Gardens. The response
was almost 100" in the wards where the Tenement Gardens and slums exist,
while, in the other three wards it was about 95%. Although I have marked
several cases in each of the above wards as no response cases, the great
majority of them are cases where the houses were closed or the occupants
at the time of inspection could not give the information we repaired. 5 he
actual number of no response cases were therefore very few. I also have
to state that at no house was our identity or our authority to carry out the
survey challenged. The presentation of the letter of authority at several
cases was purely voluntary on our part. It was also found that the women
folk were more co-operative in giving the information than the men, probably
because the impression created in their minds was that, this is an investigation
on the cost of living, as the first few questions asked were on the consumer
patterns.
It has to be noted that in the case of the questions on food and other
things only a few gave accurate answers. In the Tenement Gardens, the
figures given were in the range of Rs. 250/= to Rs. 300/= per month for food.
Judging from the living conditions and the nature of the occupation of the Chief
Occupant, we could infer that these are not very correct. The same has to
be said on the question on clothes also. The cause may be attributed to the
fact that especially the women would want to impress.
In the case of Fort Ward No. 20, It was found that all the cases excepting
one were lodging houses, where no families lived. This is because Fort is the
business centre of Colombo, and all the traders only lodged there and have
their houses elsewhere. In the other wards also a few cases of lodging houses
were found. We also came across some houses which had been demolished for
purposes of road widening and fire gaps. The majority of these were in the
Kochchikade Southward. In the Panchikawatte, Kompanna weed iya, Hunupitiya,
Suduwella and Maradana Wards, a few cases of houses which have been converted
to business places were met with. In some wards, especially in the Hunupitiya
and Dematageda wards, we found that some houses were not existing. There
were no traces of these being demolished.
359.
During the survey, for convenience some abbreviations and symbols
have been used. A full bar for owner occupied houses has been used in
the house rent column. The figure indicates the rates per month which
is indicated by the latter Ra written on top of the figure. A half bar h^s
been used to indicate a rent puich se house with the monthly instalment
written. Where the Chief Occupant is a retired man, the letter R is
written above the figure in the appropriate column. All three parties
have used the figure 40 to indicate a person working outstations in
column 1(13). Where any special circumstances are to be explained
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7. Kotahena East ft
8. Kotahena West ft
9. Kochchikade ??
10. Gintupitiya ft
11. M as angasweediya f ff f
12. New Bazaar t»
13. Grandpass North ft
14. Grandpass South ft
15. Maligawatte West ft
16. Aluthkade East ff
17. Aluthkade W est tf
18. Kehelwatta tf
Generally the response was good (99%).
The area I surveyed consisted of slums (woriring class) and Low Middle
Income Group.
The response was 100% from women; most of them were expecting to
get better houses from the Department. Only two ladies refused to
give any information (which is negligible).
331.
About 90% were unable to give their exact expenditure on food, clothes
and sundries, and none of them h id any savings.
About 99% said that they were in debt almost at the end of the month.
About 5 households did not have any income other than Charitable
Allowance (of about 14/= to 28/=) they received from the Government.
Reg. Remarks
1. Where 5 is marked in the remarks column about 75% of the
houses were demolished and 25%) not traceable.
2. Where 3 is marked in the remarks column 75% were closed






Statistical abstract of Survey. (Total sample)
Description
No. of
household Percentage Table No. Remarks
(1) Size of original sample 1199 100 - -
(2) Rejects: Total 291 24.5 - % of (1)
(a) House not occupied 13 4.4 Tj,
(b) Use other than for hsg. 33 11.3 -
(c) No response 53 18.2 - % of (2)
(d) Lodging house 32 11.0 -
(e) House demolished -
non existent
160 55 -
(3) Size of successful sample
total 898 75.5 - % of (1)
(a) Rented x = 1 706 78.6 - % of (3)
(b) Owner occupied x = 2 192 21.4 - % of (3)
(4) Rented, total 706 100 -
(a) Class I g = 1 451 63.8 - % of (4)
(b) Class n g = 2 171 24.2 - TT
(c) Class HI g = 3 84 11.9 - TT
(5) Rented Class I. total 451 100 -
(a) Permanent hse. y =1 371 82.3 (A1 -1) % of (5)
(b) Semi-permanent y = 2 54 12.0 (A1 - 2) f T
(c) Temporary y = 3 26 5.7 (A1 - 3) TT
(6) Rented Class II total 171 100
(a) Permanent y =1 170 99.5 (A1 - 4) % of (6)
(b) Semi-permanent y = 2 1 0.5 (A1 - 4) TT
(c) Temporary y = 3 0 0.0 ft
(7) Rented Class ni total 84 100 -
(a) Permanent y = 1 84 100 (A1 - 5) % of (7)
(b) Semi-permanent y = 2 0 0 TT
(c) Temporary y - 3 0 0 TT
(8) Owner occupied total 192 100 -
(a) Class I g = l 52 27 % of (8)
(b) Class II g = 2 63 33 TT
(c) Class HI g = 3 77 40 TT
(9) Owner occupied Class I total 52 100 -
(a) Permanent y = 1 48 92 (AT - 6) % of (9)
(b) Semi-permanent y = 2 1 2.3 (A1 - 6) TT
(c) Temporary y = 3 3 5.7 (AT - 6) TT
(10) Owner occupied Cl. n total 63 100 -
(a) Permanent y = 1 63 100 , (A1 - 7) % of (10)
. (b) Semi-permanenty = 2 0 0 TT
(c) Temporary y = 3 0 0 TT
(11) Owner occupied. Cl. Ill total 77 100 -
(a) Permanent y = l 77 100 (A1 - 8)
(b) Semi-permanent y = 2 0 0
(c) Temporary y = 3 0 0
ANNEXURE6.ReferenceDiagramforint rpret tionftables. TobereadinconjunctionwithAn xure1-Surv yQuestionnaire (ColumnNumberinBrack ts)
•SerialNumber(1-3) SampleNu ber(4)







1.10(15)- 1.11(16)- 1.12(17)- 1.13(18+19)- 1.14(20)
ix
J
2.1(21-24)- 2.2(25-27). 2.3(28-30). 2.4(31-33). 2.5(34-36)-
hxe
xi
2.6(37-39) 2.7(40-42) 2.8(43-45) 2.9(46-48)
2.10(49-51) 3.1(52-53) f3.2(54-55) «—4.1(56)
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02412222220221
02202222220721
0 5 6 7 1 ? 2 2 1 2 0 4 2 1
04002222120221
023 5 2 2 12120121
03122212220221
table (a1-i)(7)
21221 1 10061 1 1 2021073024000002500000900001 600002 0 00007071 01 2622
214210600310020 00030 1 50000030000 00600001 0 0 0 0 0 1 500 007071 0001 2 2
21721100041031111073017500001000001900000500000000007071010022
2162104000401 101 1 1 730 1 2000001 500000800000500000500007071 01 122?
22021100024130011053024000003000101500001500002000007071027522
22121 060031 1 03021 1 730 1 80000025001 01 3 0 0 0 0 2 0 0 0 0 0 1 50O007071 0225' 2
22321 060021 021 01 1 0530300009050002022000050000 0 4 000007071 0405 2 2
22621 1 1 0071 021 01 7073025000004000001 500 0 02000001 5000(17071 01 062?
22721100041031111051012000000500Q0250000000?000000007071030022
2282207000113202 071024000003000701500001500002000007071021022
22921 090041 031 01 1 07 302 5 0000 0 2 50 000 1 200 0 01000001 504.007071 01 0622
27721080051011031141035000402500001900000000005000014071023721
23021 1 3002423201 1 073020000902500001 8 00001 500002 0 000070 7 1 025229
2312120007292003 C730650000030000021 00001500001 5 0000 7071028322
23221090061110031083017501802000105500001500001500007071038"22
23321060010 2.1101 1073016000701 5 00001200 00 1000000 0 00007071 0 1602:
23421060022011041083020000C0250000110000200?00?00?00707101762?
236221700651 221 3 1 07303500100350 0001 9000030000 0 2500007071 03582?
23821 0300001 0201 1 073 01 500 000250 0000 9 000 0 1 50000200 0 007071 01 6 8 2?
'
23922090032 1 21 03 1 1 7 3 0 3 5000003(10000 1 80000200 000300 00 Ó 7071 02872?
2432113004304112107303000080006150200000090?000000007071043011
2462110003302111108301300000200000100000100000100000707101622?
249210900131 121 1 1071 0 4000150 1500001200001 00000000?0 07071 1 1801 1
251 21 09001 1 0421 1 1 071 0 3 0 0 0 1 50?800002n0000000?00000?007071 33 0 021
25421050020111011071015000000500000800000000000000007071137021
25521 080031 031 01 1 071 0 3 0001 00 0 0000044000007 0? 000 000017071 4 1 4 0 1 I
26921 1 500 4 1 1 333 2 1 07205000 20 02001803500005OO?On5O0?01 4 ? 7 1 0 4 372?
273210200101100111410150000020000015000000009040000141410225221
2 7 4 2 1 0 7 0 0 2 1 0 2 1 1 1 1 073030001 ?0?fi0000200n00120?004 EO?01 400 1 03051 1 12 12 0 2 1 12 1 1 2 0 U 7 4
27521 0600020031 400000 25000001 OCQ001 5 Ö 0 0 0 0 ° 0 ? 0 01? O O 01 4 08 1 02331 2 21 2 2 0 2 3 2 1 1 1 20005
27621 1 400520421 010000 075000005000020000000 000 000 000 1 4 1 41 02881 1 1 122022121 120093
28421 100023031 1 1 1141 0 400010010 0 0001400000 0 0^0 0 15?,? 01407102 ? °2 ? 121207212112 Oil?
28921 10006102101 1 2 2 1 0 3 0 0 0 0 5 0 1 5 0 0 0 0 3 3 0 0 0 0 1 0 0 0 0 02 O 0 0 0 1 4 0 7 1 0 4 2 6 1 1 1 1 '.2 0 721 1 1 120123
296210300010110112310200000009000014000008000000000141410315211222022122120090
30321090041021 1 1 1 171 0 30 00 0? 0 t 00 (50 0 1 100000000000 0 000 1 31 3t02512?1222012122120l6 6'
3062112003231303123302000000100C00130000200000150001313102512?1222022112120170
30721 0900421 11 021 403 0 30000001 900001 600001 50000C00001 31 31 0302221 2220221 221 201 58
308210400010111 111710300000 0'20^0001 500001000001 5 000131 3102282212220221221 101 6 4
3102 1 10000000100000.0 00500500 5 000015000000000 0 0.0 Ö00 7 71 2 0 7211212 2122112 0 133
31121 80022121011 73030000001 9 00 0 01 2.0 000200?0 0 20 0 001 31 31 21522122? ?2?2112014o
314211200 53022031 71 0 350000025 023016000 0500?0 025000 7 71 31 2 2 1 2 2 2 2 2 22 2 120140
31521140072032011 53030001201 5 00002700 0 0100 ? 0 0 0 ? 0 0 0 7 7 1 44129121? '21211201 4 5
31821 50021001 11 1172 0 1 8000001 0000020 0 0000500002000 0 1 3 71 1 5222 1 222 1 1 2 2 11 2 0 16 0
32121100021232011 530300000Ó 1500001 000001 50O00000O025 71 219???122 7222112015?
3 2 4 2 1 4 0 0 1 1 0 1 1 0 1 1 1 3 1 0 2 5 Ö 0 0 8 ? ? 5 0 0 0 0 1 5 0 0 0 0 0 0 0 ? 0 0 1 09?0 1 3 1 3 1 1 9 7 2 2 12 1 2 ? 1 12 1 1 2 0 1 7 0
222012! 1 1 120142
2220121 1 1 120133
222022111120156
222012111120140
2220921 1 1 120144
222 0 221 1 1 120157
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TABLE (Al-l) (9) i?1"
52221 5002101101 130301800000300000350000500000750"0272710470 1 117 2 '11111110417
54521 6002111101 1 301 01 5500700500000400000000001 00O030301 0276 7 111? 2 2 1111 1 2 0 4 1 0
5 4 6 2 1 4002100101 13010140006005000004000000000015000303010276 0 111? 2 2 1111 1 7 0 4 1 0
5 5 3 2 1 6002221101 12820300000010000015000010000020C00282R10268 7 7 2 2 7 3 2 111!270400
5632 1 5002101101 1 730250000010000035000020000005CO02P2B10476 p 2 2 2 7 2 2 12 1 110417
5792 1 3001010101 1 291 0 20000001 0000009OO000500001 500079291 0290 7 112? 2 111'1110475
5802 1 7002111203 1 000 0 25000601 000002000002500002500029291 0260 7 111? 2 2 11'1120477
5842 1 9002212111 1 7 0 2 6 0 0 1 9 0 1 5 0 1 2 0 8 5 0 0 0 0 2 5 0 0 0 0 3 0 0 0 0 3 0 3 0 1 0 7 9 5 1 111? 3 2 11'I 12 0 4 5 0
5932 1 7002111201 130 01 5000001 000001 200001 60O00350O030301 0294 7 2 7 2 2 2 2 11'1120484
049212000221114041 83045002003000007500001500002500O 3 71 7951 112 1 2 4 2 1 1111040
1 652 1 19003517303121730325025025015060000040000015^00 7 71 546 1 2 12 1 2 3 2 1 111119 5
1552 1 1 1 0 C4 1 1 3 1 1 1 1 9301750000200000260000100^000r0^0 7 7033402 7 12 2 2 7 2 11 1120146
TAB L'E ^Al -2.V BLUE CQU-A^-SgrtipERMAMCMT - gCNTEB
0)
00 11 1 70010141011 63015000002000000900001000001*000 3 72 26927222? 2 2 11 120320
OO 1 7 0 0 1 2 0 2 1 1 1 83 0.1 5000 0 020000007000 0 1 00 0 001 OOoO 3 7 2 107221222 12 11 1 2 0 3 0 0
03 11 1 70041 01.1 01 1 730110000015000009000010000015000 3 7 2 103271222 12 11 1 2 0 2 9 3
0 3 3 1 1 7 0 C 4 1 0 1 1 0 1 1 530200000030 POOO1 50000 300400200 00 3 7 2 1 1 5 2 ? 1 2 2 2 12 11 120275
O V* CD 1 9003005101 810100000010000035000000000C060O0 3 7 2 12722122? 12 11 i 2 0 2 6 8
039 1 1 11009010101' 7301 7,5 0 0 002500002500001 50"00 1 5 0 00 3 7 2 197221222 12 11 i 2 0 2 8 0
0 5 2 1 1 OOOOOO(M 183 0 10 0 000020 0 00013 0 0001000002500 0 3 7 2 158222222 12 11 110257
074 1 1 100051021121 530130000025000022000015000010000 5 72 23127222? '211 120255
078 1 1 1001000001 830060000010000003000005000020000 5 72 158221222 2 111 120235
Oco0 1 1C003204101 17301200000150000150O0010000015000 5 7 2 207122222 2 2 11 120218
TABLE (A\-Z) (Z) P
113 11 10003204102 7301 80000 0 25000003000020 000030 0 0 0 4 7 2 4 6 2 9 12 2 2 2 2 11! 1 2 0 1 5 ?
117 11 80021041011 830120000000000020000010000000000 4 72 1952 ? 1 2 2 2 12 111 1 2 0 1 6 2
14 3 11 160084031011 7301750000150000130000100O0012 0 i 0 7 7 2 1 9 0 2 ? 1 2 2 2 2 2 111 170132
17 3 11 07003121001 073 0 210000 0 250060200O00300O0020000O 507202752 202220 2 2 111 120220
17 4 11 08003103102 0830175000020000012000010000015000O 507201192 202220 12 111 120165
2 1111 1 2005202303 07303500OO030O07015000020000025COOO 707202462 2 12 2 2 0 2 2 1 1 1 120140
265 11 1 0 0 0 S 1 0 2 1 0 1 23302000000100240120000300000250O01 40720198? ?12220 2 2 111 1 2 0 0 9 6
266 11 06001 1 04203 1930300006000P000090000050000150001 407202102 312120 12 111 120096
267 11 09003300124 1 43030000002 0 00001 40000400009090001 407201352 21222022122 120106
2 9 0 11 08003201 1 12 09301500000100000160000150000150P01 414201672 ?12220 2 1111 120123
3 4 9 11 10005103101 1 4 3 0 3 0 00000 1 0 0 00 0 05 0 0 0 0 1 00000000001 3 1 32 2611 2 12 2 2 12 111 120205
4 12 11 6002101111 003 0 25000001 0 0 0 0 0 2 0 0 0 9 0 0 5 0 <"• 0 0 1 0 0001 8 1 8 ? 2 2 5 ? 2 2 2 2 2 12 2 2 1 120287
4 4 111 8004102101 730300000020 0150000000^00000001 3 1 32 1832 2 2 2 2 2 2 2 12 1 120225
502 11 8 0 C 3 2 0 2 1 01 1830180000020000010Ö00935000040000? 62620227 2 2 2 2 2 3 2 111 120305
5 0 4 11 5 0 C 1 2 0 1 10 1 2130175000015000010000030000025000? 62620180 2 2 2 2 2 2 2 111 120353
537 11 8 0 0 3 1 0 2 1 1 1 1930180000000000008000045000050000262620158 2 2 2 2 2 2 2 111 110340
557 11 60021013111 450150000015902030000O10 0 0 0 0150002 82820409 2 12 2 2 2 2 12 1 220450
0 0 12 1 40011011011 110150000015010015000010000015000 3 72 1322 12 11! 120325
0 0 4 2 3 8001202213 110350000030010035000000000025000 3 72 2382 2 2 2 2 2 4 2 111 120335
0302 1 5002101101 7301200000150000070000100000!0000 3 72 1052 2 2 2 2 2 12 111 120297
03121 2000200001 7301 80000(1250000 1 9000(11 50 0 002 5 000 3 72 3192 2 2 2 2 2 2 1111 120350
0 3 52 1 8000213112 13302000000150000150O0O200000000O0 3 72 105? ? 1 ? 2 7 2 2 111 120355
0382 1 6002100212 5301 800000200000250 00 01 50 0 0020000 3 72 1652 ? 1 7 2 2 12 111 120270
0392 1 5002101101 7 3 0 1 2000001 5 0 01 01 50000 1 000001 5000 3 7 2 8 1 ? ? 1 2 2 2 12 111 1 2 0 2 3 0
0 5 6 2 1 6000301202 7! 040000006080001 500001 0 0 0 0 0 3 0 0 0 0 3 7 2 cp? 2 12 2 2 2 2 111 110225
0582 1 4000201101 21 0 1 20 00001 500001 900000009001 5 000 1 72 2122 ' 222 2 2 2 111 1. 1 0 2 1 0
0 642 1 7002103101 7 1 0 1 20000015 00001 ? 0 0 0-0 0 0 0 0 0 0 1 0 0 0 0 3 72 3352 2 2 2 2 7 12 111 11020?
0662 1 12003107101 430175000025000019000010000010000 3 72 2352 2 12 2 2 12 111 110170
0922 1 8002113101 410120000010002005000005000015000 4 72 4152 ?1?22 2 2 111 120182
10 12 1 1 CO 0 3302202 1 5302250 0 003900001 000002600 0' 0 2 5 0 0 0 4 7? 1 7 n 2 2 12 2 2 12 111 120160
1 732 1 05001102101 3530200000 0? 500002000 9 01 OOP 002 0 0 0 0 0 5 0 7200942 222220 3 1111 120242
1792 1 09004202102 07301 80000025 0 0001 090001 50?0 0200000 507202842 2 1 2 2 2 0 2 2 111 120232
2 6 4 2 1 06002111101 0 1 1 0 1 0 0 0 0 0 0 1 0 0 0 5 0 1 9099 0 1 0 0 A 0 0 2 5O'O0 1 407201412 21222022111 120101
2652 1 06001103101 0030090000010 0'0000700001 00000300001 407201122 212220 12 111 120098
266 2 1 1 0 0 0 3 2 1 301 2 0730459009959004014000126010090000140720230? 21222022111 1 2 0 0 9 4
2672 1 1 1 0 0 4 10 4 1 1 1 1 4 1 0 4 0 0 0 0 0 0 1 0 0 1 ?01 5 0 0 0 1 1 509 0 04 0 0901 407202542 ?1?2?0 2 2 111 120090
39121 9004103102 1 3303000000200(1301 3000030090030 0 001 1 1 32 1512 ? 2 ? 2 2 2 2 111 120222
5062 1 5001102102 2120^00000016000004000925000040000212 12015? ? 2 2 2 2 2 1111 110355
5 14 2 1 6 0 0 0 2 0 2 1 1 1 1 3 302 00000 0 1 9 0 0001 50000350 9 000 5 0001 32120228 ? 2 ? 2 2 '1111 110350
54 72 1 8003112101 30301200000O5OOOOO8OOOO16090020090303020259 2 1 1 2 2 2 2 111 110410
5522 1 5002101101 1 43 9 25000011 002001 5000O450O0015O?728?820654 27 22 ? 2 2 12 1 110410
5542 1 6002200201 2 8 1 0 1 2 5 0 0 0 0 0 5 0 0 0 0 0 ? 0 0 0 0 0 5 0 9 0 0 1 0 0902828201 5 0 ' 7 2 2 ? 2 2 1 1 1 17 0 4 4 7
5 6 2 2 1 b 0 0 1 2 2 1 1 1 1 1430200000915O3OOI00009460900709901 4 1 420177 3 2 ? ? ? 2 2 111 1 1 0 4 ? 0
5692 1 1 1 0 0 3 1 0 6 1 0 2 73 0 30C009O? 001001309 0 01 5000 0 150 0 0 2929202 4 ? ? 2 2 2 2 2 2 111 110445
3/*
table (ai-3) blue Collar-T€hpcrsRary-rentes.
0341 1 60011031011 5 30 1 750000200000000000 1 0 0"0 0 1 0 000 3 73 120271222 121111202 3 5
03411 60011031011 530175000029000000000010090910090 3 73 120271222 12111120235
05311 90031041011 739125009915000029090919090010900 3 73 35 5 272222 32111110257
06211 40011011011 730120000020O030250O0O10CO0O250O0 3 73 9027332? 12111110226
1 781 1 1 20071 031 021 05301 75 0 000 1 500201 000001 0 0 n 00 1 00 0 00507301 50221 22201 21 1 1 1 2 0 2 7 8
1 851 1 050021 01 1 0 1 1 1 7301 5000001 500001 5000 0 1 00 0 001 500005073022 6 2222220721 1 1 1 20236
201 1 1 1 00023031 1 31 0730250000 0 2 50000120000600 00030000071 3301 7722 1 2220221 1 1 1 201 97
2021114004206200134301500000100000100O0010000000000071330286221222022111120202
34411 80032021011 8304000000200000150000300O000000011113 240221222 12111120242
3541 1 40001021011 73 0 1 50000 0 080000 1 000001 POO 0100000 7 83 74 ?? 1 272 121111202 0 3
39211 3001002001 1 1 1 10180000 0 1 0 0 0 0 0 1 Ó 0 0 0005040 0 0 CO 0 0 1 1 1 3 3 120221222 12111120225
50011 900321111114030200000010000015000025090045090762630198 22222 12111110337
50111 6002101201126 01500000 15000005 CO002004004 COCO 26263009S 22222 12111120320
54311 20001 001 01 125301 0000000500001 0 0 0001 50000 1 00003030301 83 21122 22111120417
54811 90022221011 7201750000100000110000150O001000030303034P 7)122 22111120415
55011 40011011011 730120000QO50000100000200O0010000303030131 71122 21111120415
57511 300110010112910100000005000001000000000010000292930103 22222 72111120440
00221 30020001 01 1 40301 0000002000000700001 00O0 0 1 5000 3 73 10 7 272222 111111.2 033 0
07021 80021041021 730150000020000010000005040000000 3 73 142222222 12111110185
15821 60011031011 51 0 10000 0 022 0020 1 30 00010000010000 7 73 18 9221222 22111110156
1772105001102101 105 101 2000002000201 30000050O0 0 1 5000050730221 22 1 22201 21 1 1 120225
201 21 030 0 01 001 01 1 08201 0000001 500001 200000500001 5000 1 3073008722 1 2220221 1 1 1 201 97
30021 020001 001 01 14030 1 5000000500000800001 50000000001 31 33019027 1 222011 2221201 70
37521 400100021 1 1 1 1 1 0 3 0 0 0 0 0 07 8 0 0 0 0 1 0 0 O 0 0 0 0 0 O 0 0 O 0 0 0 0 1 1 73 24'??1?22 221111202 4 7
41521 80041021021113015000001200001000091809001000021183 294271222 12121210322
50121 60031011911 73012500001 000001000 0 030 0000 6 5 090262630097 ????.? 2 2 1 111 1 0 3 4 5
54221 800310310113010150009919020009900910090015090303030181 7272? 22111120357
17*




0 7 6 1




















2 2 4 1






2 7 4 1
276 I
? R 0 1
2 8 11






3 3 0 1
3 3 4 1
345 1
3 5 7 1
3 5 9 1
1 40001002112 730220007025000031 00001000001 5000 5 71 43511
1 40021001012 720175009030004022000025000025000 5 71 55"22
1 30002001122 710360010050000050000030000050000 5 7113101
1 80003022122173 6000170500230800000300n003s000 4 7111521
1100031132012 730300015030035074000020000040000 4 7112171
1 70130111012 420500030050100021000O60015O30O00 7 71 9211
1 30000111012 73030000404003003O0000100«0O2OOO0 7 71 3861
1 60021021012 73030001 202500001 600011 R0O003O0O0 A 71 7381
1 1 20031 1331 1 21 730230025.9 40O80p750n0i1cO"OO1 1000 4 71142 11
1 90051021012 6 1 0.4 50003 05000001 000001 0000050000 7 71 3212?
1130023044032 730 6 0 00 2 0 0 7 5 0 0.0 1 0 8 0 O 0 0 8 o 0 1 0 0 5 0 O o o 7 7 1 22 2611
1 70022101112 3101500000200000150000050^001oono '7 71 1562?
1 1 1 00030351 1 240303000000 3002502000001 50O001 00O0 7 71 42922
1 60031011012 7303000090750200180000150000400O0 7 71041°??
1 60031011012 730150000030 0 2501 2000O1 000002 0 000 7 7102272?
1130054022032 9304500200400080500000300000250O0 7 71000011
1 70022021012 730 3500 1 5n500 1 003 1 000 0250"001 50 no 7 7 1 4 35 1 1
1140041134132 73045000005001 001 1 0 0 001 5 00002600 0 7 71 2291?
1100032022122 910350 0080250050490000500 00 0 100 0 0?5 71 4 4511
1 0600Q01 2 121 21 7301 8001 201 500501 700001 50000 1 000005071 046011
1 06 0 00401 01 3 2 073040000 0 0500000 1 200003000002500007071 0 3 7-3 1 1
1080051011012073014002002000505200003000001OOOOO7071081611
1 050021 01 1 01 2073020001 402 50001 4500002000003000007071 0727 I 1
1110051041012073037503504000406000003000002500007071098211
1 03000 1 01 1 01 207301 5001 001 0 0 0 0 0 1 5 0 0 0 0 0 5 0 o0 01 "0 0007071 030 0 2?
316006511301207103000120000000150000100000000000707100722?
1 0 6 0 0 3 1 0 2 06 1 2 07 I 0-45001 50 1 210006-5000 n 1 0 0'-" 0 0 1 5 o r n o 7 0 7 1 02772?
1040021001012071030001001505007500001500002500007071043611
1 090031 041 01 2 08 2 01 5 0 0 1 0 0 0 3 0 0 0 0 1 400000500001 0 0 OO O7 0 71 0260? 1
1 050002 1 01 1 1 21 43 0 30000 0 01 0 02501 0 0 0 0 .0 0 5 0 o 0 0 0 0 O o 0 1 4071 037 8 ??
1 080021 1 1 21 32033045000002 0000022000 007000020000 I 4001 038422
1 100021051 1 221 7203000000200070250O00300O0O0P0O020081 05391 1
1 1 0 0 0 4 1 0 3 1 1 1 201 3030000001 200001 r000O2onr-ÓÖÖ0n 001 41 41 01 632?
103000101101222103000000 1 0000012000 0000O001 5 00014071013121
1 0 5 00! 1 001 01 2073020000091 ? 0 0 0 0 1 0000(1 1 5 0 0 0 0 2 f( 0 O 0 1 4 071 0 2 3 5 2?
106001 1 1 1 1 1 12193030000501 5 00004400001 200001.5 0001 4071 08951 1
1100131041012131045000002000002500001=0300250501313103302?
106001 1022012053 0300010018000037000015O?00 1 0 0O013131018811
1 5001 101 11 12251 0350008020 00001 000001 00?0O000O01 3 71 2362?
1 60022011012 7304000000150000200000200"002000013 71 406??
1 40021001012131020000801501501600001500003001013131 24021
1 8002202)1 122130 3000100250600180000400000250001 3 131 2 6 0 11
1 5 0 0 1 10 1 1 1 1 2 7 3 0 1 80000 0 25OO001 50OOO 1 6 0 o 0 O1 5 0 o 0 1 1 1 3 1 22 8 1?
1 30000111012 73030001 00060550 3 000001 501010 3 0001 3 71 6 8 4 2 ?
11? 1211112019
21? 3111112020


























1 1 ? 0 ?2 1 2 1 12 0 1 1
2220=1 1 1 1 120 0 3














1 700200 3 201 2 4 3 0 3 0 0 0 0 0 0 2 5 0 4 S 0 2 0 0 0 0 0 2 => 0 0 0 0 0 0 O o 0 1 1 7 1 6 7 6 1 1 2 1 2 2 11112024
3 7 fc
TABLE (Al -4) (i)
3 6 9 1 1 90021032112 7303000000200000t 40000300000 250001 1 1 1 2 2 4 2 1 1 1 2 2 2 2 1 1 1 120256
376 11 50110111102 7303000200200370500000300300500001 1 1 3 1620111 1 1 2 6 1 1 1 1 120242
379 11 90041031012 83048000001 OOOOOt 6000006000 0 0C0O01 1 1 1 216221222 ? 2 1 2 1 120260
3 8 5 1 1 8002004201 2 7303000000200080350000120000100001 1 1 3 0000221 2 2 2 3 1 1 1 1 120210
393 11 5 0 0 1 2 0 1 10 1 2 730300012010000025000020000000000 7 7 9 5 3 1 1 1 1 2 2 4 12 11 120220
398 11 90031113012 17303000030250200100000250000600001313 171281 2 2 2 ? 2 1 1 1 120186
403111 0005201 2022 1 53 0 30001 203001 003500000500001 50 0 01 3 1 3 611112112 4 1 1 1 1 110182
4 0 5 1 1 1 011530000322130450015050260106000030050010000181 8 1 9 2 C 1 1 1 1 1 2 7 1 2 1 1 120185
4 1111 7003101202220203000090350020050000250000300001 8 1 8 5 11111 1 1 2 31 22221 0290
4 17 11 70022011112 8 30 4000 1 5 0 1 50250 O f)Ö0Ö02 5 00 00 2 0 000 7 7 1200111 1 1 2 61222210343
423111 20242003122 8407000601501000850381000700500001818 2556111 1 1 2 4 1 1 2 1 110360
20721 060141 001 01 21 93035001 00500 01 0 4 0 0.0 00 3 0 0 2 0 0 0 0 0 0 0 1 307 0408111 2 12 0 2 2 1 1 1 120200
20421040021001012 1 31 03000 1 0 0 5 0 0 3 0 0 7 5 0 0 6 0 t 2 000030000 1 307 02531222120221 1 1 120197
1 9921 060231 01 01 1 2083 0 40001 00300051 570000300400400000707 0780111 1120511 1 1 120163
19 5 2 1 1 2012512204? 17304500350500300400000300200250001 1 1 3 0934111 112 0 3 2 1 1 1 120191
1 6921 Oft 0 Q 1 01 2401 2 0 5 1 0 20000000002501 1 0000030 CO 02000 00 5 0 7 0210121 2120221 1 1 120216
1 532 1 1 200410421 1 2 730500017075040022000050000050000 7 7 0555221 2 1 2 3 2 1 1 1 120145
125221 70073052032 730450005050040010000030000040000 7- 7 309221 2 1 2 3 2 1 1 1 1 2 .0 1 2 5
11421 70122101022 1330500013050000043000030050050000 4 7 984111 1 1 2 4 2 1 1 1 120165
0992 1 40001021012 9302000 OS 03001 501 0 Ó0 0 0 3 5 Ó"0 0 3 0 0 o 0 7 7 246221 2 1 2 1 2 1 1 1 120128
0972 1 1 331 1 221 3422193Ó6000300700500330000250250200O0 4 7 1669111 1 1 2 o 1 1 1 1 120160
0942 1 90112032132 1304500250750550300000400250600O0 4 7 875111 1 1 2 8 1 1 1 1 120162
089221 30013072032 4304500250501050390000150000400O0 4 7 ■3 4 71 1 1 1 1 2 1 2 1 1 1 120163
0 8 7 2 1 50001031022 4203000 1 OO5O0450540000500O-003 5 0O0 4 7 546111 1 1 2 2 1 1 1 1 120162
0862 1 1 20041034022 7 30 3 0 0 0 0 8 03 5 0 6 5 0 4 9 0 00 0 5 0 0 0 0 0 2 0 0 o 0 A 7 3 4 7 1 1 1 1 1 2 1 2 1 1 1 120163
0852 1 40211002032 440600030075000036000300075050000 5 ~7 3471111 1 1 2 6 1 1 1 1 110193
0832 1 80033011032 73040002 1 0 7 5 0 2 0 0 2 5 0 0 0 o 4 0 0 o 0 0 5 0 0 r> o 5 7 541221 2 1 2 7 2 1 1 1 120190
0 8 12 1 20001001012 7101600000400000120000150C00500CQ 5 7 254121 2 2 2 2 1 1 1 1 120195
0 8 0 2 1 2 0 0 0 1 0 0 10 1 "? 0 1 0 1 1 0 0 0 o 0 1 o 0 0 0 0 0 7 0 0 0 0 0 ^ 0 0 0 o 1 0 o <-> 0 A 7 1 7 * 2 2 1 2 2 2 ? 2 1 1 1 1201 0
0762 1 40011002022 7 3 0 2 4 0 0 1 0 0 3 0 000 1 0 000 0(1 1 0 0000 20 000 5 7 306111 1 1 2 2 2 1 1 1 120222
07 22 1 1 100421220324030450000050045030000060000075000 5 7 448222222 1 2 1 1 1 1 2 0 2 0 5
0 4 2 2 1 1 00052231022 1 03030000005100001 700 0 0200^0 040000 2 7 181272222 2 1 t 1 110230
0362 1 1 10121032222 7307500280 5 004004 30.000300? 50 50000 7 7 2046111 1 1 2 5 1 1 1 1 120260
0332 1 60021021012 630350000 04(10 25 0340000 20 040 0 30000 3 7 695222222 2 2 1 1 1 1 2 0 2 R 3
0262 1 62102100022 7 3 0 5 0 0 0 1 0 0 5 0 0 5 5 0 2 5 0 0 0 0 6 0 0 5 0 0 4 o 0 0 0 3 7 R 9 3 1 1 1 1 1 2 4 2 1 1 1 1 2 0 2 Q 0
0252 1 60031011012 7302000080300120400000100^0000000 3 7 1 5 .6 1 1 1 2 1 2 2 2 1 1 1 1 2 0 2 S 8
02221 70021031 01 27 3 0 2 1 00000250 30 01 5 0 0 0 0 2 0 0 0 0 0 1 5000 3 7 284222222 2 2 1 1 1 1 2 0 2 9 5
21121090023012132 073025003503000001 70000290 o'o 0 2 5 0 o 0 i 7 0 7 0318221 2 1 2 C 2 2 1 1 1 120137
35 52 1 90011043012 13305000100350340370000180000000001 1 1 3 3 6 0 1 1 1 1 1 2 7 2 1 1 1 110204
3 5 0 2 2 90023013032 5103000000200020150000050000100001 1 1 1 256122222 2 2 1 1 1 2 10 2 1 1
34522140031062222 7304500150050000300000150000100001 1 7 470121 2 1 2 4 1 1 1 1 210210
3392 1 40021000112 730200008015000011OOOOI80^00200^01 3 1 3 202111 2 2 2 2 2 1 2 1 100190
33 32 1 30001010112 1 31 C 1 0000001 00 0 000800000 OOOOOOdOfiOl 3 1 .3 7 0 ? 1 1 2 2 2 2 2 1 2 1 120177
3 3 12 1 6 0 0 12 0 1 1 1 1 2 21303000152500090750000250^00300^01 3 1 ; 1351111 1 1 2 5 1 1 2 1 110250
32 3 2 1 51011001112 1 31 01 5000001 000003(100000004 0 0000001 3 1 3 401221 2 2 2 4 2 1 1 1 120172
TABLE (Al-4) (5)
3 1921 80032021032 72030000001 200002800001 5000 0 1 00001 3 7 3 6 0 2 2 12 2 2 1 2 1 2 1 120160
3 12 2 1 90021 033022405030000001 001001 000000000 0000000 7 7 1592 P 12 2 2 ? 2 1 2 1 120145
3092 1 04001101101207303000150100000290000300000250900707 0 4 4 0 1 1 1112 0 2 1 1 1 1 120168
3042 1 07000500204222303500000000000000000000"00250001307 1 0 3 0 1 2 1112 0 2 1 1 2 2 110165
3 0 2 2 1 070031 C 1 1 1 1 2 1 31 0 3 000 1 502504 002000001 50O0O300O01 31 3 0 3 7 6 2 1 12 12 0 2 2 1 22 120160
3 0 12 1 09 0 031031 1 1 2405030000001 802002800081 308CO?00001 31 3 0 2 7 2 2 3 12 2 2 0 2 2 1 2 1 220154
299 2 1 140032071 1 12231060000001 200001 000001 00000000000707 0 19 8 2 p 12220122 1 2 120125
287210700040021 3207 3 040000001 80000240000200000 0 00O01 41 4 0 4 9 9 2 2 1 2 2 2 0 4 1 1 1 1 120114
2832 1 13004312212213304000000180000340000200800200001407 12062 1 112 2 0 4 1 1 1 1 110110
2822 1 13004312301207103500150080250260000100000200401407 0 2 2 5 2 2 12 12 0 3 2 1 1 1 120110
27121 060021 021 01 21 4 1 8 1 7500781 "80601 40000000rt0000880l 107 023 ^2 1 1112 0 ? 2 1 1 1 120000
2702 1 060011031012073020000700700504000001000007500Q1407 0 7 0 0 1 1 1112 0 4 1 1 t 2 110034
2662 1 080021 221 002000020000701 2000020000 0 2 00-" 0 0 0 0 0 0 0 1 407 0 3 0 3 1 1 1112 0 2 1 1 1 1 120105
2562 1 03001010101207103000000120000400000000000100000707 0 4 5 2 1 1 1112 0 3 1 1 2 1 120110
2 4 8 2 1 06001102111219101200100000000200090000000000000707 0 2 3 5 2 0 1 2 2 2 0 2 2 1 1 2 120103
2 3 7 2 1 050021 01 1 01 2 0 7 3 0 1 750000 300 1 001 500001 008001 0000 0 707 0 19 2 2 2 1 2 2 2 0 1 2 1 1 1 120105
2 1 9 2 1 0.3 0 001 001 1 1 2073 0 1 3000002500002600001 00 0 00 1 5 0000707 0 5 6 0 1 1 12 12 0 3 1 1 1 1 120150
2 1621 061 022001 1 22073 0 25001 5 05001 001 3000040000 0300404707 021222 12 12 0 2 2 1 1 1 120153
3 8 12 1 50001 031 01 21 32020000401 5 0 00 00000008000 0 0001113 28 3 1 2 12 10 2 1 2 2 1 210277
3 8 2 2 1 800320210221110450015025045015000012000040000!113 3 0 5 1 1 1112 2 2 2 1 1 120205
3952 1 80121031 1 1 2133035000 8 03002 5 175 0 0 00350''001508Q1?13 7 9 7 1 1 111? 4 1 1 1 1 120195
3 9 7 2 4 30000111012 7302000100100000500000150000000001313 9 9 9 1 1 12 12 4 2 1 1 1 120182
3982 1 8005101!01213103000000150090100000000000300001313 16 6 2 1 112 2 2 2 1 1 1 1 2 0 1 c e
21 32 1 020001 001 01 207301 750000500000250000 30PnOC)500009707 044822 12 2 2 0 2 1 1 1 1 120143
37 32 1 7 00 1 2 0 1 2 1 3 2 1 7 3 Ó 3 0 0 0 0 6 9 2 0000 000 0.3 0 0 0 0 0 3 00 (VŐ ft 1 3 36 0 1 1 111? ? 2 1 2 1 220275
0092 1 70030 1 30022353040001 0.0 250300850000.15000020000 3 7 2 6 7 8 1 1 2 2 12 5 2 1 1 1 1 10 3 3 8
5 8 5 1 3 50 1 0 1 0 3 1 0 1 ? 7 0 40001 0 0200 7 51 75000(14 00 1 6 0 300 6 03030 19 2 0 1 111? ? 2 1 1 1 120450
58111 90041130012 7 03000200200352000000400000500002929 10 4 8 1 1112 4 1 1 1 1 110 4.34
5 7 6 11 50 0 31 00 1 0 1 21 4 0 20001 701 5O202500000300O0 0 25OO030 3.0 0 6 9 1 1 1M2 4 1 1 1 1 1 1 0 4 5 7
574 11 50021011012 7 03000070200601000000450oOO300003030 0 8 9 6 1 111? A 1 1 1 1 1 1 0 4 4 0
568 11 170044062142 7309000150450!81000000750000150002930 08 30 1 2 2 12 4 2 1 1 1 1 1 0 4 4 8
565 11 4 001 1 01 1 01 2 73025000802 0 0 0 0 075 00004000005 50002828 0 7 6 3 1 11 1 2 1 1 1 1 2 2. 0 4 2 0
56111 6010101311213303000150200000400000300300200002828 2648 1 111? 7 1 2 1 1 210460
560 11 40021001012 2 3 0 1 80000(11 000603500 0 0350 800 5 00402828 0354 1 2 2 2 ? 2 2 1 2 1 210464
5 3 0 1 1 6002101201219303250088451150350000600800750002626 0 5 8 5 1 1112 3 2 1 1 1 1 2 0 .3 4 3
5 2 5 1 1 70021 031 01 2133032501 1 02 5 0051 30000070(10 00000002323 0 8 2 0 1 111? 3 1 1 1 1 120365
5 2 2 12 9022203201 21 9 3 0 5 2 5 0 1 5 0 6 0 1 1 027 500 007 5 0 c 0 0400002727 2 0 30 1 111? 6 1 1 1 1 120420
5 2 111 6012!01201223303500100250552250000600460500002727 10 8 2 1 111? 5 1 1 1 1 110413
5 18 11 50021 01 1 01 2 23 3 040001 204005626.5 0000 650000 4.5 0002727 12 0 0 1 111? 7 1 1 1 1 110426
5 13 11 5000102!112 7302750150200401650008400800500002626 0 7 7 0 1 1 1 1 2 4 1 1 1 1 110342
5 12 11 6001 2021 01 2 74042501 803005 5 1 800001 6 5 0 0 0 0 6 0 0 0 0 2 6 2 6 2 2 0 0 1 111? ? 1 1 1 1 110350
5 10 11 5001 1021012 73 0 32 5 01 502 50001 5000004508002 50 0 0 2 6 2 6 13 8 0 1 111? 5 1 1 1 1 1 1 0 3 4 8
5 0 8 11 4 0 0 2 1 0 0 1 0 1 2 1 4 3 0 3 0 0 0 2 0 0 2 5 0 5 0 1 0 0 0 1 5 0 5 0 0 0 0 0 4 0 0 0 0 2 6 1 4 17 2 6 1 111? 4 1 1 1 1 1 1 0 3 5 6
4 9 0 1 1 80121 121 1 12 7304500200300350 65 0000500 3 510 0 0002323 2 4 8 8 1 1 1 1 2 6 1 1 1 1 1 1 0 3 3 2
4 8 7 11 5 0 0 1 2 1 0 1 0 1 8 0 0 0 0 2 5 0 0 1 2.0 1 5 0700 4 090004500 00 5 0 000 2 323 ? 2 1 6 1 111? r- 1 1 1 1 120325
TABLE (Al -4.^ fa)*7*
0592 1 00021061012 730240009025004025000015000020000 1 72 2 0«1 1 2 2 1 2 3 2 1 1 1 110230
5942 1 60012021012 73025001202006217500006500002500030301 10 3 7 1 1 1 2 5 1 1 1 1 120480
5902 1 8012103201? 7 037501502506020000018602507600030301 2 7 17 1 1 1 2 7 1 1 1 1 110447
5882 1 4001 1 100122 75040001 00200000 850000450 9 0 0 1 0 0 9 0 30 301 09 7 5 1 1 1 9 5 1 1 1 1 110498
5872 1 40011011012 730250010015045075000060000045OO030301 0 6 5 1 1 1 1 2 3 1 1 1 1 120485
58121 2006112111214303000100250240300000300000500O029291 0867 1 1 1 ? 4 2 1 1 1 120436
5722 1 50111012012 7 03500120150451500001750400250O030301 13 9 3 1 1 1 2 5 1 1 1 1 110450
5552 1 50021 01 01 2 72020001.501 500204000002009000009078281 0 6 5 1 2 2 2 1 ? 4 1 1 2 2 120433
5282 1 50012011012 73030000806508030000007000003000023231 0 8 7 9 1 1 1 2 6 1 1 1 1 120345
5272 1 70121022012254040003507512027502522504512502526261 290 1 1 1 1 1 7 1 1 1 1 1 2 0 3 7 S
5262 1 6 0 001 01 4032 730 4000300500000960 350 650001 0 009073231 0876 1 1 1 1 32 1 1 1 120365
5 19 2 1 600111120123C303000060200000450000300O0Ö2500077271 0 5 19 1 1 1 2 4 1 1 1 1 110420
5 17 2 1 5002101 1012 73032501002007525000004500000000026261 0 7 2 2 1 1 1 2 3 1 1 1 1 120380
5 1021 90251 01 20221 83 0 45002503002020000005003004500076261 118? 1 1 1 2 4 1 1 1 1 110570
4982 1 50001 03 1 01 2203 0 1 8001 1 02500003 00000600001 250901 81 81 0 9 4 6 1 2 2 1 2 5 1 1 1 1 110340
4972 1 50121011012 73020001202502220000005002502009026261 0 9 0 5 1 1 1 2 4 1 1 1 1 120340
4962 1 60021012012 730250012020O4O15000094509002909026261 0 4 0 1 1 1 1 ? 3 11 1 1 110330
4 892 1 70121013012194042501902512075000017^04009509023231 13 3 6 1 1 1 2 6 1 1 1 1 110325
4842 1 40011011012193020001702500020000093609005000073231 0 6 8 4 1 1 1 2 3 1 1 1 1 1 2 0 2 9 0
4832 1 60021111012 7303500220250702500000660900PO0O023231 17 5 7 1 1 1 2 5 1 1 1 1 120342
4 5 321 40011011022133060001505020003700012600010000019191 0 8 3 0 1 1 1 2 4 2 i 2 1 120151
45121 500250251 32 1 930300000020005023000030000040000 1 91 91 0 3 13 2 1 2 2 2 2 2 1 2 1 120169
43121 70011041012 74040000202001001300001000004500018181 0 0 0 0 2 ? 1 2 2 2 3 2 1 2 1 120295
4 16 2 1 600210111121330450017015000000000O2000001509013131 15 6 9 1 1 1 1 1 2 5 1 2 22210340
4092 1 6001 1021 1 122 0 302500 0 3 0-1 000 0 005000016090 0 000001 8 1 31 52" 1 1 1 1 1 2 4 1 1 1 1 110295
4 8411 42030000112233025001502500004001502509001000073231 09 S 1 1 1 1 1 2 4 1 1 1 1 120310
4 4 8 11 50001013012 73030000001505003200006000004501019191 0 4 13 1 1 1 2 2 2 1 1 2 1 120154
4 4713 90141021112 830360000020080018000080010009 19191 0 3 15 ? 1 1 2 2 2 2 1 2 1 120173
4 4 3 12 6 0 1 2 2 0 0 1 0 3 2 7 4 0 3 0 0 0 0 0 0 2 r: r- 0 0 0 3 ^ 0 0 0 o 3 5 0 r 0 0 0 ^ ^ r 1 ? 7 1 5 0 ° 2 2 1 7 2 2 4 2 2 1 1 11021?
437 11 50701 02201 220 4 0 700025940 0 0 050005 02001 0020025020 71 19 13 1 1 1 1 1 2 1 1 1 1 1 110240
4 2 9 1 1 100222002262193070003504000038004510006515000018 71 0 0 0 0 1 1 1 1 1 ? 8 1 1 1 1 120268
Í71
TA&L.E (AI-S) - WHITE collar. PROF—PERM - RENTE'b.
"0)
006 l 60012021023 130350030025004200000020000030000 3 7 158611 1 1 7 7 1 1 1 1 2 0 3 6 3
1 36 1 6000212101 3 71012000002000001900001000001O0O0 7 7 2 10 2 7 2 2 2 7 2 1 1 120173
16 0 1 81132021023 74075002506012017O0753000?5075OP0 7 5 7 2 6 0 1 1 1 1 2 6 1 1 1 120197
196 1 0200C 1 00 1 01 3054040001 70500000290000400P010000 00707 048011 112021 1 1 170188
226 1 07010202202307403000300400250540750500?90250000707 160311 112 0 7 1 1 1 160124
24 2 1 050121011013 0940500015075 00005 3095S5003 00500" 00 707 144611 1 17 0 6 1 1 1 110 17 0
306 1 070231 021 1 1 31 74030002501 R0 4 5 09(10 3 80000 30 1 501 601 308 235711 1110 6 1 1 1 110175
3 10 1 9022100601 317406 0003001 80 301000900250300751 1013 7 177711 1 1 7 6 12 2 1 120158
403 1 206271 022023 263040003995001033900011 ^0600000161 81 8 170011 1 1 7 7 1 1 1 120241
4 24 1 70131011013 004065001703508530007510002002030018 7 107811 1 1 7 3 1 2 2 120324
43 11 501 1001 11 130 00090002505012010.01001000 4 50300001818 000011 1 1 7 4 1 2 1 1 10 2 6 5
433 1 60214000113 730600025040040301060040140050V"013 7 1 6 6 3 1 1 1 1 7 6 1 1 1 3 2 0 1 S 2
4 35 1 50121001113 740700030025040600040150025200150 7 7 2 6 10 1 1 1 1 1 5 2 1 1 220230
436 1 1 4601 7041 01 3204 9 60005002507 0 5590001 500^006900070 7 2 9 9 5 1 1 1 1 0 7 1 1 1 220202
444 1 94340201213 1 74 0 6001 2204500030 0 0601 503002500001 8 7 15 6 4 1 1 1 1 1 5 1 1 1 1 2 0 2 0 5
460 1 5020210111300007000600150000650601502901000001919 15 11 1 1 1 1 5 1 1 1 120178
469 1 200001 01 01 3000030002P000000072000000000 0 0 0 0 6 0 1 91 9 0839 1 1 1 7 * 1 1 1 720205
473 1 80313013013 7405000450503007500604003P QG050O0191 9 4 0 6 4 1 1 1 7 7 1 1 1 0 1 0 3
4811 5 0 0 12 0 1 1 0 1 .3 7403000220250752500001500000600002323 1 7 0 8 1 1 1 7 6 1 1 1 1 2 0 3 4 0
488 1 500210.11015 7504000250300802750000800P0070OP02323 2 3 9 1 1 1 1 7 P 1 1 1 120302
496 1 60121131013 7404500220501202000302250350750002222 2 0 0 0 1 1 1 7
A 1 1 1 110310
5 16 1 70142001023 730300017025050250OOO04002OOI00002626 0 7 2 2 1 1 1 2 3 2 1 1 120380
517 1 40101010223 1 3304000080351 0 02500000500250200 002626 07 2 7 1 1 1 2 * 1 1 1 120380
52 3 1 60021 01 201 3 000 0 3000220 201 001 0 7 0 1 00600000000902323 0 9 1 * 1 1 1 7 * 1 1 1 1 2 0 3 6 5
52 4 1 50011021015 7 3 0 3 0 0 0 1 2 P 2 9 9 7 0 1 3 6 0 0 0 0 7 0 0 r P 0 4 6 0 p' 0 ? 8 ? 3 113 9 1 1 1 7 4 1 1 j 120365
52 6 1 50121132013 74 0 5500250500753000001 300 4 5 0 500252223 3 5 4 3 1 1 1 7 7 1 1 1 1 2 0 3 7 5
527 1 1 3 0 2521 3202 s 0 9 0 '7590-^^6'*' 1 1 1 -7 4 0 p 0 p 1 -7 c 0 - ,0 1 p. ^ooP70^o 3 5 6 8. 1 1 1 1 r 1 1 1 1 1 0 9 7 8
52 9 1 80021032013 7 04500 ! 5 0350502500001 750P00500P02323 13 6 1 1 1 1 7 * 1 1 1 170365
535 1 50011011113 1 4 4 0 3 5 C 0 1 5 0 6 5 0 8 0 2 0 0 0 0 0 1 500P006000C 2323 12 5 0 1 1 1 7 6 1 1 1 120379
5 3 9 1 8 0 0 2 3 1 1 10 1 3 7 3 0 3 5 0 0 1 2 p 1 5 0 2 2 1 6 p 0 0 0 0 3 4 0 a 0 0 4 0 0 r 0 3 0 3 0 12 6 0 1 1 1 9 - 1 ! 1 0 4 ? 0
54 0 1 90132112013 7 045002502905520000006507506P0753030 2 6 7 5 1 1 1 7 • 1 1 1 11047O
54 6 1 80122022013 7304000220300753250000800350700003030 t 5 3 4 1 1 ' 7
'
1 1 1 1 1 0 6 0 5
5 4 9 1 60122011013 73o35001°07o04207500013403On?6pPO3O30 1 2 3 ■'< 1 1 1 7 3 1 1 1 110400
5 7 11 70021111113 1 4 0 5 0 0 0 2 5.C 2 0 0.9 0 1 3 7 0 C 0 0 5 0 0 0 0 5 C 0 P 0 3 0 3 0 1 0 5 6 1 1 1 7 4 1 1 1 110457
57 8 1 90021041 123 7 050001 80502 1 02000001 750 0 0050 0 0 03030 2 4 3; 1 1 1 7 -• 1 1 1 1 1 6 4 3 5
582 1 50012011013 7 0 47501 8020 0 752000000300P005 5. 0753030 2 0 19 1 1 1 7 4 1 1 1 1 10 4 3 0
5 8 8 1 40111101013 7 0 45001 2075 0 301 850000550*50600003030 16 6 4 1 1 1 7 * 1 1 1 110443
590 1 80141011113 1 2454000280201 0 0 0 2 6 0 1 6 1 5 0 0 7 5 0 * 0 0 * 0 3 0 3 0 13 6 6 1 1 1 1 A 1 1 1 170477
59 11 60021021013 7 93600140110442000000740P00300P03030 2 0 7 4 1 1 1 7
"
1 1 1 110485
06 2 2 5 0 1 2 2 0 0 1 0 1 5 4 0 3 ' 3 0 0 0 1 4 0 5 1 0 * 5 0 7 5 0 0 0 P 3 1 0 1 09 5 " 0 " 0 7 7 2 0 4 1 1 1 1 7 1 1 1 1 1 0 7 A 7
1392 5 0?! 102101 5 74 '• 5000351 00 0O01 0O1 3530007005 0 0 P A 7 7 1 4 0 8 1 1 1 1 1 A 1 1 1 1 1 0 1 5 7
1 4 c 2 5 0 0 1 1 0 3 0 0 1 5 7 3 3 0 0 0 0 8 0 3 9 0 001 1 8 0 0 0 0 5 9 0 ~ 007 40 A 0 7 ■* f) a 7 -j 1 1 1 1 7 * 1 1 7 0 t : n
16 0 2 9 0 0 2 3 0 3 1 0 3 1 9 3" 3 5 0 0 A ? A -> A A .7 4 0 ? A 4 A 0 0 0 A 0 A A 0 ? A A A , . 7 4 7 1 A 1 1
* 1 •. 1
1 892
1 •• ■>.
0903 3 1 12201 3
o ' 0 4 10 3 10 1 •
4 3 4 5 0 0 7 5 0 3 A 0 1 0 0 2 o 0 0 0 7 5 0 1 4 4 A o c 0 r" 9 P 6 o 7 9 7 7 ' 1
1 0 ■ 1 1
117' * 1 1
1 1
1 7 0 7 ~ 7
1 O f: A r A O
38©
TAS. LET (AI-SJ (£)
240210600201 1 1 1 1 5072 0 1 5001 2030000021 00000 5 00001 500007071 03262?! 21 20;5 21 1 1 120100
29021090111031215074060002002507507500007501507500007071075211 1112 0 3 2 1 1 1 120125
5782 1 10033032025133045002520004008000003000000000011111243312 2 112 5 1 1 1 1 1 2 0 2 8 0
3862 1 81022031013403050001502005016000004002002500013 71 172011 111? 7 1 2 1 1 110245
3992 1 700121 1 1 1 23 1730800020040000065000 03001 503O0001 31 31 1 3731 1 7 2 1 7 6 1 1 1 1 120197
4252 1 9022 1 00 3 113 1 40 700040000000000000 0000o0000000 1 8 7 1 295111 1112 6 1 1 2 1 110290
4262 1 50111100113 7306500250250002300000150600500O018 71213511 1 1 1 7 5 1 1 2 1 110285
4282 1 10331022013184065005501009001500022006005020018181000011 111? 6 1 1 1 2 120300
4372 1 60213011023 740600050035000450045200050100060 7 71 183711 1 1 1 7 6 1 1 2 1 2 2 0 2 6 ?
4472 1 70222012013 740500065040060080045200160080000191915479 1 1111 F 1 1 1 1 110165
4502 1 70021102133403030000001005502200006006001000019191 0364 7 12 2 2 2 2 1 1 1 120155
46922 801 21 02202332404000250400750550001 750401 200501 91 91 2973 1 1112 7 1 1 1 1 110230
4722 1 500210110232310240015030025200000010 0 6 0 0 1006023231 08 37 1 1112 5 1 1 1 1 120277
4 8 0 2 1 40101011113 740425035040100450000180040070060232312126 1 1112 6 1 1 1 1 110355
4 852 1 70132111023 730350020030050275000050045070000232312074 1 1112 6 1 1 1 1 110350
4 9 32 1 60202021113404042502003505025000022507010006072221 1 4 06 1 1112 5 1 1 1 1 120315
4952 1 50111012013 740350022030075250025200025085000222213269 1 1 1 1 ? P 1 1 1 1 110310
5052 1 40011011013 73040001503006527507005006007506076261 17 3 9 1 1 1 1 ? 4 1 1 1 1 120358
5 112 1 60121021013 7404500200351253500701250301000607626! 1 778 1 1 1 1 7 5 1 1 1 1 120375
5 12 2 1 50011021013 7303500180300701756000660^005006026261 115 7 1 1 1 1 7 4 1 1 1 1 1 2 0 3 6 0
5 1621 70033001 01 3 000 0 30001 0 "0 2506025002507506004000076261 0722 1 1112 * 2 1 1 1 120580
5242 1 60101 1 121 1 3 0.00030001 50200001 300 0 0 01 50350000007.3 231 1 0 5 3 1 1 1 1 2 4 1 1 1 1 120565
5252 1 80021 03201 5 7305000200502501 3601 50750 0 002 0(1 O0 ? 3 2 3 1 1130 1 1112 4 1 1 1 1 120365
5322 1 701 21 02201 321 405750 1 6 06508022500 0 1 5003507566030301 1 7 5 0 1 1112 r 1 1 1 1 120385
5382 1 601 21 01 201 3 74040002 5 0 1 5 0452500061 200*504006030301 12 7 1 1 1112 4 1 1 1 1 120410
5 4 3 2 1 50012011013 7303500156200401750006250o003000030301 1 7 3 6 1 1112 4 1 1 1 i 120414
544 2 1 50021011013 7 025001361503516000004500002506030301 13 3 8 1 1112 4 1 1 1 1 12043O
5 4 8 2 1 50011111013 7 025001561102517500063566007006030301 0 9 5 9 1 1112 4 1 1 1 1 120410
5492 1 30001001113 74030001201000017500015006003006030301 152? 1 1 1 1 7 4 1 1 1 1 110428
55121 8004414504340 040001502002504600005506003006030301 15 3 3 1 1112 'r 1 1 2 1 110425
5 6 0 2 1 60141001023 7 03000200200501850001500*505005030301 13 5 1 ' 1 1 1 7 5 1 1 2 1 210437
57121 401 21 001 01 .5 404025001 501 5 0 003 0 00001 5002001 500030301 1 5 2 4 1 1 1 1 7 4 1 1 1 1 110 4. 4 4
5732 1 70021 02202 .3 403040001 5 0 501 001 1 50006300600 1 000030301 13 14 1 1 1 1 7 4 1 1 1 1 120443
5762 1 50011111013 7 0400020025C2220000003000001506030301 1 5 9 4 1 1 1 1 ? 6 1 1 1 1 1 J 0 4 4 2
5772 1 8202111212 3 7 04500 1 5 02000C035C0 0 0 4 5 0"005 0 06030301 2 8 0 8 1 1 1 1 7 7 1 1 1 1 1 1 0 /. 6 ;
5852 1 50011021013 7 C275012020046igoo6005=06o62666630301 12 6 0 1 1 1 1 7 5 1 1 1 1 120480
5862 1 6002101112340 030001504020005500005006030066030301 0 9 6 6 1 1 1 1 ? ■5 1 1 1 1 120480
5952 1 80131 1 1201 3 73037501 ri030 07C2 0 0On0O6OC*6n/ts66O303O1 2 2 0 0 1 111' 6 1 1 1 1 110450
191
Ta&le (ai-&). Blue collar - all types -owArgg QccoP/ga,
(0
01211 50011 021 011 312025001302 50020360000200 0 0 0200 TO 3 7
02411 90042021021 730250007030025013000030000020000 3 7
02511 40021001011 430175C00030000009C000200"001O0O0 3 7
028 1 1 7004 1 0110 11 330 30 00 30 0250030 1 8000 0 1 50o0020000 3 7
02911 80050111011 3102250090250200090000050O00150O0 3 7
03511 90032031011 7301 750000200060040000 100 O00 1 0000 3 7
03611 60012011121 730300012040040007000026000020000 3 7
04111 50011012011 530250025040000010000010000025000 3 7
06411 50011111011 430150000O250300060O00100O0025000 3 7
13911120061041011 820200000025001001000008000010000 7 7
14811 40001002111 71 01 2501 502 50 0 0 0 1 4 0 0 0 0 0 5 0 0 0 1 0 0 o 0 7 7
16311 80020050111 9101000000100000030000000000040OQ 7 7
1761 1090131 121 01 140305000220500060250 0 005 0 01 51000000507
18111071022011001073030000003500400G0000300O00250O00507
1891106001111201140301200000200000070000200000100O00507
1981 1100021 13301 1073030000003000000 9 00005 00000500001113
2031110002312111113201800160200000110000100"00150000707
3241 1 1 300441 031 01 1730300 0 1 7.71 q o n n 1 36On000O09000O09ni 31 3
3481 1 4000102101 1 1 32030001 501 200001 40000050 O00000O0! 1 1 3
3631 1 90032031021 18303000000070040040000090 o001 50001 1 1 1
4381 7 30201 00 1 01 0000 0 1 5001 5005000000039O0O04000C0O01 8 1 8
45712 70020041011 1304500200150000450000150000100001919
48311 8303211102140303000150250000650000350900150002323
5051 1 74022021 01 1 2C3030001 202300002500002000001 0000262 6
5631 1 6001 1 03 1 01 1 21 3020000 0 01 00120030 0002=090 0 200257828
01321 900121131114030300012025010007000035000025000 3 7
0 16 2 1 4 0 0 110 110 11 9 3 o 1 7 5 n 0 o o 7 fi o 1 5 0 0 0 o r> o. n 1 I-. n r 0 0 1 0 o o o 3 7
01821 90031121131 310250035035000017000015000010000 3 7
01921 9004041 001 1 3020200000020COCO 1000001 00000 00000 5 7
04721 6 0 C 2 1 0 1 1 1 1 1 8 30 1 2Ö0Í1002 10 0ÓÓ1 001Ó« 1 OO^OO I'SOi1*) 3 7
05321 30000110100 22012000607000200900000509002C0O0 3 7
11621 600310110111730120010025015008000015090000090 4 7
11821 6 0 0 2 1 0 2 1 0 1 1 " 7 1 0 1 2 0 0 1 7 0 1 5 0 0 4 0 1 8 0 0 0 0 0 0 0 9 0 0 2 Of! 9 0 4 7
1 3 1 2 1 4 0 1 0 2 0 1 1 0 2 2 4 0 3 0 4 0 0 0 2 5 0 5 0 0 0 0 0 2 9 O 0 O 0 4 0 0 4 5 0 3 0 0 9 0 7 7
14121 120C21 153021 71 0 24 00 08 0 30 000 0 0 4 0 0 0 p 1 0000 2C0 f 0 7 7
1 9221 04001 1 01 1 01 1 05301 2 00 001)0 00 0 00 1 000 0 0150900050901 1 1 3
2442108003103101107302500000500420270000100900250000707
24721 070031 021 02 1 071 030001 5 00802500000001 5 0A 0 0 000009707
27921 080021 2021 0 0 C 0 0 0 t 5 0 0 1 5 0 1 0 0 0.0 0 1 6 0 0 0 0 1 0 0 " 0 0 0 9 0 9 0 1 4 1 4
2942106002201 101 1403030000 O9100 4 0005000O120O000 0 0900707
31621 10002105201 1253 0 600015049025004000010090060050 7 7
33521 8001 20221 2 1 7 303 500 00 02 50020 1 0. 0 0 0 0 1 50900750001 31 3
33721 5001 102101 ! 1330 30001 79 1 5 00 00 0 70900200 - 00 1 8 O 9 0 1 3 1 3
36221 60031011011 7 301 5001 000 8 00000600 0 01 50000100901 111




















3 0 4 2 1 ?1 2 ? 2 1 1 1 1 12 0 2 8 0
8374111117111111110240
3643 11111 61111110172
'1 115 11112 41111110305
0 0 8 6, 1111 2 32 1 1 1 1 1 0 3 68
0810 72222 41121210473
31111221? 52111120343









02522212220221 1 1 1201° 2
03952212220321 1 1 12 0 125
2000 2 1 1 1 120221 1212 0100
09441111110*111 M 2 01 n o
0 2 7 a 1 1 1222022 2 1 1 1 2 0 ! n 3
21011111? 72121120145
108111222? 42121120193



































































TABLE (h\~l) WHITE COLL Afc , M. P. — ÖWt/N£R OoiuPigl).
(0 perm, qmlv,
0 0 3 1 1 80021022112173035002002O0500120000250^0O500O0 3 7 10 7 7 1 2 2 1 2 6 1111 110381
0 0 8 11 110261000212 41 0000801 505000640755001 20600000 3 7 4 8851 1112 1 0 2 111 120314
0 15 11 3001 1 01 00221 33 0 1 50008030020033000029090030090 3 7 13 471 1119 4 111! 110286
0 14 11 60021021012 7301500060200020030000100000100O0 3 7 3 5 12 '221? ? 2 1 1 1 120355
10511 4001 101 1012133 0 15001502509504000 00250^0020000 7 7 1 7 7 0 1 1 1 1 2 7 1111 120150
171110600221030221330450015050000013OOOO3OO9OO75O0O05O7 1 2 6 6 1 1112 0 4 2 111 120210
2691106003022101207!03000000120000040000060000100001408 0 0 8 5 2 '12 2 2 0 12 ! 1 1 120083
2921 105001201 1012192 0 25000501 000000000000000001 00001 407 0 2 9 8 1 12 12 0 3 1111 120105
3081 2060031 0031 1 2073030001 204003001 1 00001 50000250501 307 0 R 5 5 1 1112 0 M ? 2 1 120170
3091105003010101240303600100400000150000100O00000001307 0 3 2 5 1 1112 0 5 12 11 120165
3 2 0 1 1 1 0 0 0 2 3 o 3 2 0 1 2 7 3 0 3 0 0 0 1 2 0 1 3 0 0 0 0.0 5 0 0 0 9 3 0 0 0 0 0 1 5 0 " 0 7 7 3 8 7 1 12 12 ? 2 ? 2 1 120130
337 12 90031013112 730350000020040010000034000000000131 3 4 6 5 1 1 2 2 2 4 2 111 120185
368 11 1 10023024 0 12 73030000001 0 00001 2OOOOOPOOOOOOO0 01 1 1 1 1 2 3 3 1 112 2 5 1111 120274
3 74 1 1 602001021020000400030020000050040350025O3OOOOI3 7 1 7 9 5 1 1 1 1 2 61111 110280
384 11 60021 122012 73 0 30000 0 02007202 7 000 05 50"0050023 1 1 7 5 4 3 2 ' 22 22 3 2 111 120236
387 1 1 60011022012 7 3 0 4 0 00 1 5 01 50 0 0 1 5 0 00 0 0 2 5 00 0 0 2 5 0 0 0 1 1 7 1 6 6 7 1 1112 6 12 11 110250
390 11 400010120122030550030025009030030015020075060111 3 2 0 381 1 1 1 2 •71221 210234
395 1 1 7001 1 0221 1 21 °3 "> 3000 62 12 5 01505800 0 025 0 "000 0 0^01 31 3 12 11 1 1 1 2 4 1111 120186
3 9 7 1 1 50203011022 74070007505000003202015007520019018 7 2 9 9 2 1 1111 6 12 11 1 1 .0 2 2 7
4 0 111 120242212112403050002002505001200003001002007513 7 0 Q a 1 1112 5 1111 110200
434 1 1 60 1 21 021 01 2 71 0 5 0 0 0 6 0 0 4 5 06 5 2 5 5 0 3 5 2 0 0 0 2 0 0 5 0 1 101 3 7 2 4 4 9 1 1 1 1 2 -■12 11 2 2 0 2 4 ?
4 80 11 400100111120000200015015000070000010010015010232 7 2 2 67 1 1 1 2 c 1 1 1 1 120312
498 11 4002100101226 01800100150000070000400100250102626 0369 1112 3 1111 1 2 0 3 5 6
5 5 4 12 40011 101012 33035000901 00160 2- 70000450 0 003 0 0253 0 3 0 16 9 5 1 1 1 2 81122210441
555 1 1 1 1 02231 1 31 52000050004Ó0300500220O0 050040040 0002823 16 9 6 1 1 1 2 9 1111 110438
5 6911 60020102] 1 20009500 02 5 02005003 O'0409200000250002930 19 0 2 1 1 1 2 6 112 2 1 1 0 4 6 2
5 9 3 1 1 5001 01 21 01 20000 4 000] 10 211 000 2 20000 7". ,999 .949994307 9 1 0 8 7 111? 4 1111 1 2 0 4 6 B
594 1 2 30002000112 7303000230150000450250300000200003030 4 0 5 7 1 1 1 2 7 1111 110478
595 11 3 0 0 0 1 Ü 1 10 12 19-3025001 303005001 50 00 04 5000 0 1 00 00 30 3 0 0 9 3 5 1 1 1 2 4 1111 110500
0 2 0 2 1 60 0 2302! 14 2 73 0 70001 507500001200006 5 010 0 5000 0 3 7 115 3 1 2 2 1 2 6 2 111 110273
0242 1 61021012022 730400015050050033000025000020000 3 7 1 9 7 3 1 111? "72111 1 2 0 3 0 2
0402 1 1 20 i 22053022 3308500480600500460000800 3 5075090 3 7 3 0 6 4 1 111? 6 1 1 1 1 120260
284
TABLE (Al-7) (2.)
04321 7207103101? 7 3 04500250500 0 7065 0 0 00200«0n5 0 O o 0 1 71313411111? 0 1111110 2 30
05121 60001021212 4 03 0 24000302 = 00000/100 0 020000 0 30000 3 7 1 34111111? =2111110267
06121 70021021112 73 45002505001001ROOC026000030000 3 711135111112 52111110162
07321 80022013022 73045001506o0180090000500OQ0750o0 5 71 60Q111112 =1111120133
1 7821 070021 031 01 2073022501 1 03002C0200000150000200000507107561 1 1 1 120321 1 1 120210
32021 6C001 121 11 21 33030001 0 02 0 000006 0 000250 0 0000000 7 71 207 2 1 1212 '>222112 0 154
33421 5002101 101 2403 0 35000 0 0.2 000 000 4 000 04 00 "0020000 1 31 31 28127122? 22121120175
33621 801 31 021 01 24040350 0 20025 t 00 0 500000750?0 0 20 0 001 3 1 31 1 301 1 1 1 1 1 2 r- 1 121 1 20200
34421170224072042 53045002502500003000006004000000011 71240811111? r-IM12?02?6
34923 60000014112 7 3 0 3 0 0 0 0 0 0 1 8 0 0 0 0 0 4 0 0 0 0 1 5 0 o 0 016 0 0 0 1 1 1 1 1 3 4 ?1 ? 1 ? 2 ? =1111210211
364211900102105121203060000002500000700001501200000011111 312221222 2211112 S 6 2
38421100121230212 730700070 040 0 000000000 20 0200 5 0 0 o 0 1.3 71000011111? 72?21 2 1 0230
38521 50102100102 8305000200 2500001 5 0 00 03001503 0 0001 3 71 104511221 ?. 42111120214
38821 602 130001 2? 133 0 750030025000026 Q00060050075CCO 13 712 05211111? f- 1 2 1 1 1 1 0 2 0 0
39621 1 4 024301 421 2 1 33 0 50002004003506501 505007 5 1 00 0"0 7 71353211111? 3 112 1110 18 8
41821100021043012 83030001 2035 00000000003000002500018181 9002??11? 5 1 1 2 2 1 1 0 3 3 2
42921 100031041 1 120030550028020015003000030030 0 200601613100001 121 1? 61 1 1 1 10 0 265
4302 1 1 0000001 0000000 1 500000080000030000050^000 0 0401 81 81 00002?
44121 50002002 1 3 2 173 0 6000203 0000002800005 0 0 00 0 200801 81 81 1 9 7.3 1 1
45222 81 122022012 73 0 40 0 0250200550 360 0 00450 4 00 500001S1912449 1
45621 801020 4 2012 75030 0 01 5 02505005500 0 01 00 3 50 100701 91 91 1 027 1
4 7 0 2 1 60121021012 2 63 'J 3 7 5 0 1 8 0 3 0 0 8 5 0 6 5 0 0 0 0 8 0 0 = 5 0 7 5 o'o 0 1 9 1 9 1 1 7 4 7 1
47421 80040121022143036000001506001500002000000O000191910276 ?
50721 1304331231 32000 0750026 04 000009 5 0251601 ? 5 1000 r> 0262612656 1
55021 40100201 1 12000025002501 0000021 00000001 0 01 50 0 030301 0991 1
55621 40021001012 73 0 30001 501 00 2001 500001 50O002O00028281 0941 1
5 5 9 2 1 50 11 01 0211 2000 0 35001 8 020 0 0001 700 0 01 5 01 502 0 00028281 2 9. 25 ?
5 6621 201010001 2000 0 1 000 1 0 0 050CÓ01 50 0 0 0 0 0 0? 50 0000028281 1 745' 1
7 4 0 5 0 0 0 2 5 0 2 5 0 0 0 0 5 0 0 0 0 1 5 0o 3 0 0 3 50 o 0 2 9 3 0 1 3 6 3° 1
73 0.2750 1001 0 00 0 0320 0 00300 o 0025000293 0 1 1 150 1
56722 7012112101
56821 5002101101


















1 2 1 0 4 9 0
1 1 1 0 4 ? 2
112 41111120460
1 1 1 2 5 ? 1 1 1 1 2 S 3 0
385
table (fal - gy wh-ite c-ollar . prof.-ow^ef? occupied
(i) p££m . only,
00911 60021011113 7404000400750500400753500=01000=0 3 7126701
04411 9 121033123 7406000400850600420002000250750=0 2 7152581
13813 90223011033 740400040075000060095300070075000 7 7140931
1 791 1 0801 21 031 01 3 051 0 30001 504004504000 03000300? 5 00 0 05071 263 4 I
18311050102100113404050002505=0000580003000401000=01113122971
27911 140620431 4 03404100003000000 00450001204102000 001 3071 28391
3521 1 60201 11 101 320405000300500000350 4 31 000702000001 3 713401 1
4261 1 10034100201319408000601004000450003500 6 003000018 81 18781
44511 50101021113204006040004030008003525O0c005000018 7140491
461 1 1 6020202201 3 740700045 0250001 050702000C0050000 1 91 91 2202
4 6 2*1 1 3 0 0 1 0 i 0 0 I 1 3 0 Ö 0 0 3 5 0 0 4 0 0 5 0 0 0 0 0 9 0 o 40 3 0 0 0 " 0 ft 5 0 0 O 0 1 9 1 9 1 2 9 7 1
46311140136131033 7 06000350250100400200300=0010000232313949
4651 1 6002102101 33540350055 0 250900 3 500 0 3000 = 005015019191 1652
4701 3 902321 21 0 1 3 7406000500651 2509505025 0 0'-01 250501 9191 908"?
47112 802220310131940525035060i00070035180070150070191916230
47211102233121013 730650028050075065000060060075025191914339
4741 1 240401001 13 0 0007001 200 0 00001 50060 1500 = 0000 0 00191 91 5823
47511 90222122013 740575035060115080030200070100075191913630
47911 6002101201 5 7403500200301 000550 (101 3 0 0 00 05000023231 2387
48211100231 132013 740 6 000350501 200720 0 Ö 2 5 0 0 7 0 200 0 002 3 231 441 3
405!1 401011011150000200045025000085030020050045000262612373
4861 1 702210121 13 74 0 400 0 20030 1 5004 5 0251 500700850002 3 2 31 21 14
4951 1 1 7066206301 3 7415000501 001 50 1 0 50353002 = 035000026261 7670
50 3 1 1 8013102201 3 740 4000200300700550 251 85030 12000026261 401 5
50612 90222131013 740550030060105075030175070065000262613433






53611 61 0 21012013 74 0 57501 20 7 0 = 60 0' 5800022 50 = 0 0 8 500026231 16 5 0
53812 80112031113 740800060025100072000250070100000303015061
54211 80122022013 740475025020050060020176035040000303012833
5441 1 1 1022214! 123 7505000300150240350 3004503004 500050301 1378
54711 60121111013 73040001801504004=020050030045000303010938
5591 1 3 0 01 100101 3 73035002201 0 0000250000250 = 00350201 81 81 1 1 15
5701 1 6021 1 0 2 2 0 1 5 73 0 4 5001 5025=0002600 0 035070 0 350 = 029301 147?
5731212013114301 5 7 0500020025 0 5001 6 000 = 45015 = 3 8 = 3 0 3 = 3011252
5771 1 40101021 01 3 7405000250 250800 670251 50030O250O030301 3 2 8 8
58011 70321101215 74060002001=000045035200170045000292911755
58311 8001113202300003500!50450200400000350=0030000303011830
5 8 6 1 1 5 0 0 1 1 1 1 10 2 3 1 4 0 3 0 0 0 1 2 0 2 5 0 8 0 0 3 5 0 0 0 0 3 5 0 ='0 0 1 0 0 2 0 3 0 3 0 1 0 9 1 0
589 1 1 8 0221 13101 3 74 os 000250300650550 001 750 = 50 35 07030301 335 6
111'' ° 1 1 111033"
1117 1 •11 11102b'
1112 8 1 1 1110134
1112 0 = 1 1 11 1 0 2 1 r
1112 0 = 1 1 1110231
2 2 12 0 6 1 0 000014
2 2 12 6 1 2 121020;
1112 2 1 1 211031'
1112 5 1 1 112024.
1112 7 1 1 111027;
1111 5 1 1 1 1 1 0 2 4
1112 7 1 1 111029!
1112 5 1 1 1 I 2 0 2 0
11111 6 1 1 111022;
11111 2 1 1 111025,
1112 <= 1 1 1 1 1 0 2 2
1111 = 1 1 1 1 1 0 2 2
1111 7 1 1 112022
1112 7 1 1 111034
11111 0 1 1 111031
1112 •' 1 1 111035
1112 =■ 1 1 1 1 10 3 6
1112 2 = 1 1 111033
1112 7 1 1 111033
11111 0 1 1 111039
1112 6 1 1 112035
1112 F 1 1 111038
1112 7 1 1 1 1 1 0 3 5
1112 P 1 1 1 1 10 3 5
1112 5 1 1 1 1 10 3 6
1112 7 1 1 111037
1112 7 1 1 111056
1112 7 1 1 111040
1112 7 1 1 111041
1112 5 1 1 111043
1112 4 1 1 1 12 0 4 1
1112 4 1 ? 222204=
1112 8 1 1 1 110 4 5
1112 6 1 1 1 110 4 5
1112 - 1 1 111044
1112 8 1 1 1110 4 3
1112 4 1 1 1 110 4 3
1112 A 1 1 1 1 10 4 9
111? = 1 1 1 1 1 0 4 3
TA&l£ (A I - 8) (2_) 38<>
4&
2 ? 2 ' 1 09102303102 5 4 04 0 60001 2075 40001 40752000801 5 0000070 "7 i o o r. 1 1 1 1 1 2 4 1 1 1 120157
3582 1 12010304313 3 8406000250800000250004000000260001 1 . 7 1 7 ft 9 1 1 2 1 1 2 7 1 1 2 220270
394 2 1 9012 31111 2 3 1 81 0 60001 602500001 209O1 0001 50500O01 3 1 3 4 0 7 8 1 17 2 1 2 c: i 2 1 110205
40023 6011101201 3 74060002002500000000015002005OOO0 7 7 7 3 9 11 111 1 2 Ci } 1 1 110200
4342 1 1 1062 312 1 2 1 3 18110001000300001000400401750250001 6 7 4 0 3 0 1 111 1 1 8 1 1 I 110255
4382 1 7021211201 3 74 0 750035030 0800000402000 t- 0200000 7 7 2 8 4 6 1 111 1 1 2 1 210255
4392 1 G 0 3 1 1 0 2 1 1 1 3 20405000451000200300601000=00400401 P 7 3 6 6 0 1 111 1 2 8 1 1 1 110267
4422 1 6011102111 3 1105000350400000000250450602001=01 •8 7 9 4 5 11 111 1 2 1 1 110250
4 4 4 2 1 7022102201 3 7406000400351000000452000452000O0 -7 7 2 5 7 7 1 111 1 2 t- 2 1 1 120252
4 4 82 1 8012202201 3 7404500300.40050055000 1 600 ? 0 4 75 0 00 1 9 1 9 13 7 9 111 1 1 1 1 120195
4 4 9 2 1 6000201301 3 740800060 0 2000069006020012000 0 0501 9 1 9 2058 111 1 1 5 1 1 2 110190
46121 8031204101 3 40405000500500251100602002=00500=01 9 1 9 4 0 3 4 111 1 1 8 1 1 2 i 1 0 1 81 1
4 632 1 6022100121 3 7005000600202001 2001 80501 500 1 00007 9 7 4 0 9 9 111 1 1 5 1 1 1 1102=1
4 6 4 2 1 8014110111 3 1 3404000350300000750401 S 0 0 ■' 5 1 500 0 01 9 1 9. 14 56 111 1 1 t. 1 1 2 120755
4652 1 9023211202 A 7406000300601200620251751=01250=01 9 1 9 3209 111 1 2 f J 1 1 1 1 0 2 V 5
46622 1 0 12 4 2 0 2 1 1 2 32240750 0320501 50090 0 2 02000701 5 0 o 0 1 9 1 9 3 5 39 111 1 1 O 1 1 1 1 1 0 2 = 0
4762 1 6012111101 3 730350018030080065000065045075.0 001 9 1 9 13 38 111 1 2 5 1 1 1 110175
4782 1 6011202101 3 74045C0250300750P0050?000*509=0=02 32 3 4 8 0 6 111 1 1 8 1 1 1 1 1 0 5 4 2
4 7 9 2 1 8012211201 3 7 05000280351200650002250400650=07 3 2 3 3 5 7 2 111 1 2 7 1 1 1 110555
48121 8032111211 3 74 0 700030 1 0 0 1 5 01 05 0 45 3 00 1 0 520 = 0007 3 2 3 280 1 111 1 1 0 1 1 1 110 5 11!
4 9 12 1 6011102201 3 7404000150250800400251750*00750=07 6 2 6 2 0 3 7 111 1 2 1 1 12 0 5 4 5
5002 1 13024214202 3 1 4 4 ifife) 0055 = 3006004 50257 5 = 0701 500 = 0 7 62 6 19 07 111 1 1 7 1 1 1 110540
5292 1 6021202101 3
•
7405000250600750650001 ft 5 0 co 1 260^07 3 2 3 4 7 9 3 111 1 2 r: 1 1 1 110565
53 122 8012202111 3 1 44 0 6250200751 250680352000401 0^0 007 6 2 8 2 5 60 111 1 2 > 1 1 1 110557
5 3 4 2 1 10023113202 3 32407000 25 0 80 1 1 0 0 8 5 0 ? 0 1 8 0 0 r 01 7 5 0*^3 0 3 0 2 2 7 4 111 1 1 c 1 1 1 110*55
5362 1 6212112201 X 1940625030070100082025*750500750?o? 3 p 3 2 8 2 7 111 1 1 r 1 1 1 110550
5 3 9 2 2 '4001101101 3 22 4 04000300? OOO" 006501 0 1 500 ^ 007 5^* 0 3 0 * n 3 4 ' 2 111 1 = * 1 ! 1 1 1 0 4 5 5
5 7 82 2 8012211201 5 7 0 4 0 0 0 2 0 0 1 5 0 5 5 0 3 5 00 003503 0 0 A 3 ° 0 3 0 3 0 2 8 4 6 111 1 2 1 1 110447
5 8 2 2 1 6002101201 3 7 4 0 4 0 0 0 2 0 0 2 5 0 5 0 0 4 5 0 3 0 1 6 5 0 <A 0 0 3 5 0 9 3 0 3 0 2 6 3 9 111 1 2 1 1 110472
5 8 9 2 1 5 0 2 2 1 10 0 1 1 3 4030250010040C000500000200*01200=03 0 3 0 2 3 15 111 1 1 7 1 1 1 1 1 0 4 65
59122 6011101201 i 7 3 C 3 0 0 01 6 0 2 0 0 7 5 0 4 0 0 0 0 0 6 5 0 * 5 o 400 = 0 7 0 3 0 1 3 5 0 ! 1 1 1 ? 1 1 1 1 10 4 o 5
59222 6012101201 ' 7 4 0 3 5 0 0 2 0 0 3 5 0 6 5 0 6 5 0 0 0 1 8o= - 8 = c = = = 03 0 ^ o 2 5 7 0 1 1 1 1 2 r 1 1 1 1 1 0 4 p x
3 5 8 1 1 11033012202 3 1 33 = 50002 5 07505 5 2700 0 0 01 7 0 = 0 = 7 5 = = o 7 7010451 1 1 1 1 ? 1 1 120255
$
